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1 .0 ~l I\’~~5J L.

1. 1 B.ickyrotirnl

The High Al t. i t ude W I  ‘~~ t i er A i r  ra f t  fla ta Sys tern ( IIAWAD S ) was

developed under AF GI /SAMS O sp or is orshi p by MI ’ t ro r ’ology Research Inc .

Al tadena , Ca. to lc~,Lr I be the hydrorneteo r m v  i r o r ;:ent of m issiles.

Aeromet , Inc . his been t he contrac tor fur ui - rd ti ng, ia iota i ni rig and

r c a l i b ra t i ng  the HIIW/~DS .

The HAWADS is a sophisticated data acquisition system for mal ing

cloud physics rjieasur e :sents at relati vely high altitudes. The data is

t i- rated in real t ime to produce information which can be correlated with
radar meas ure i r ient s in ordur to der ive l iquid ma Ler . ontent  rIeasur ~: I ~nts

It is  u..ed in the de c is io n  IIklki rlq process  for launch ing test vehicles.

1 .2 Scope
This report desLribes HAWADS equi prnenc, gives general maintenance

information , calibration info rmation and operational procedur es. Detailed

maintenance and calibration information is available in vendor manua ls

which are listed in this report.

This report describes the HAWADS as of the time of this writing.

Revisions in the equi pment , calibration and operational procedure wi ll

be published as the system changes .

This report deals with operation , ca l i bra ti on , and maintenance .

The use of the data generated by the system is not included here . The

aircraft and its systems are not covered except as they interface wi’th

the HAWADS .

1 . 3 Aircraft

• The Learje t Model 36 is owned and operated by Thunderbird Airways ,
Inc . of Houston , Tx. under a subcontract with Meteorology Research , Inc .
It is a hi gh perf orrriance executive jet capable of sustained operation at

speed s in excess of Mach 0.8 and altitudes above 45,00fl ft. It is

powered by two Garrett Airesearch TFE7312 Turbofan engine s, each producing
3500 pounds of thrust. The maximum gross wei ght is 17 ,000 pounds , 8,500
pounds of which is available for fuel , passen gers , and pay loa d.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~T i J  -

~~~~~~~~ •~
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With  a crew of four and a 2 ,000 pou nd instrumentation package ,
the Lear 36 can climb to 41 ,000 ft in 18 minutes and then sample for up to

six hours . With a red i~ed payload for ferrying, the Lear 36 can fly up

to 28)5 rim wi th standard fuel reserves .

The cabin is 13.8 ft long, 4.8 ft w i de  and 4 .3 ft hi gh . Sensors
have een instal led in the forwa rd port ion of the wing t ip tmks weather
radar bay of the nose sect ion and th roug h several of the seven fuselage
w i n dows.

Genera l speci f icat ions for the aircraft are g iven be low .

TABLE 1.1
LEARJET 36 SPECIFICATIONS

Win g Span 39.5 feet

Length 48.7 feet

Gross Weight 17 ,000 pounds

Useful Load 8,500 pounds

Power Plants TFE-731-2 Turbofan engines
Fuel Ca pacity 7 ,232 pounds
Range —3 ,000 nautical miles
Duration 8 hours
Ce i ling 45 ,000 feet
Cruising Speed 441 knots
Time to 41,000 feet 18 minutes

Figure 1.1 shows a photograph of the ins trumented aircraft . Figure
1 .2 shows three v i ews of the aircraft with di mensions .
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39 ft . 6 in. -

I
Figure 1.2. The profile of the Learjet 36 with exterior dimensions.
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2. 1 G~r era 1

The HAW ADS i n s t r l 4 l i n t a t  ion is classified into the following general

c it eqo r ies :

1. F’MS 1 D ~~ dO p et i t

2. PMS ?D ego i pur er it

3 . F l i ght condi t ion sens ors
4 . Da ta handl ing equipment
5 . Particle o b s e r v a t i o n s  equ i pt i r ent

6 . Audio—communicat ions el luipuler lt

7. Total water  content instrumentat ion
8. Power distr ibution equi pment
9. G r o u n d  s u p p o r t  e q u i pment .

Each ca t ego ry  wil l  he treated separately .

The data fl ow for the HAWADS , Figure 2.1, shows that the PMS 10 and
20 data are recor ded sepa ra tely, wi th each record including time and flight

condition data required to analyze the particle data .

The PMS 10 systems i ncl ude the opt ical a rray probes an d the ax i al
sca ttering probe. Ea ch of these measures one d imens ion of part i cles
encountered . These data , together wit h fli ght condition data , are

formatted in the PMS Buffer Memory System and recorded on a Kennedy 9 t r a c k ,
800 bpi recorder. T hi s sys tem has been used for several years on thi s an d
other aircraft. It i s also commonly used on other cloud physics aircra ft.

The PMS 2D system include s two optical array probes which produce
particle images. These hi gh s peed data are formatte d , together with
flight cond ition data in the PMS DAS-20 data acquisition system and
recorded on a Pertec 9 track , 1600 bpi recorder. The 20 i ma ges are

• displayed in real time on a PMS Particle Image Displ ay (PID).

Fli ght con dition sensors consist of transducers for pressure ,
di fferen ti al pre ssur e, tem perature , dewpoint an d li quid wa ter content.
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The pressure arid d i f f er ent ia l  pr es~ •ire tr arrsd L rs ar -c used to der iv e  al ti -

tude arid i nd ica t e d  iir~ I eed l r i f o r i ~it ion. ihese f i v e  vdr i a h le S i ’ m  fed oiinul -

ta neously to the Buffer ~eiuory System (BMS ) arid the 2D Data Acqu is i t i on
Sy~.te ru ( DAS) . Tim e—o f—da) , as gen ra t ed by t ire ~tanc i 1 —Ho f fman time iode
gunerator is a lso recorded on both systems.

Formatted data is fed from the BMS si tnu l taneously to the Kennedy
9 track tape recorder and to the Computer Au tomation computer . The tape

data are savcd for post flig ht analys is .  The computer uses the same data
to derive real time computed outputs which are useful in si a k ing go/no-go

decisions for missile tests. These data are disp layed on the TI printer

and the Calcomp plotter. Programs are input to the computer via a Rernex

paper tape reader .

Particle observations are required in or der to provide information

necessary to compute liquid water content and radar reflectivity from the

10 data. These observations primarily use the snowstick and the Forri~va r
rep licator. The snowstick is a simple observation stage on a heated

airfoil. The Fo rmvar repli ca tor a ttempts to make re plicas of particles

for pos t fl igh t analysis.

The audio-communications system includes an in tercom system , UHF and

VHF ra di os , a Stanc i l-Hoff ma n 4 track au d io ta pe recor der and a time cod e

• j generator. The intercom is use d by the crew to communica te w it h eac h

other and to enter data onto one track of the recorder. The UHF and VHF
ra di os are use d to communica te with ground crews and to recor d au d io on
a second track of the aud io tape recor der. Th e cryst al control le d time
cod e genera tor fee d s real time to the BMS , DAS , aud io ta pe recor der and
tim e la pse camera . One track of the aud io ta pe recor der is reserve d for
coded real time data .

A 16mm forward-looking time lapse camera is provided to record cloud

images. Real time from the time code generator is shown on the fi lm.
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A custom Total Water Content Irr dicator (NCI) is installed in the Learjet.

Informa t ion on this sys tem i s incomplete and not included in this report
at this time.

2.2 P~y s ic a 1 Descr i p t i o n

The subsystems making up the HAWADS are mounted in standard e lectronics
racks in the cabin. The floor plan of the modified airp lane is shown i n
Figur e 2.2. Mos t of the in s trumen ta ti on i s moun ted along the ri g ht side.

One rack , three inverters and the TWC I tanks occupy the rear of the cabin.

Sens ors are moun ted on alumin um p la tes in the forwa rd w i ndow spaces. The
two HAWADS cr ew sea ts are face d forw ard and af t for eas y access to all of
the equipment.

The vertical view of the equipment racis is shc~n in Figure 2.3 and 2.4.

The rc cks are mounted on an aluminum angle structure along the right side

and aft end of the cabin , a portion of which is shown in Figure 2.4.

The probes are mounted on the aircraft as shown in Figure 2.5. The
window mounted probes are also illustrated in Figure 2.2. They are directly

ahead of the fanjet eng ines , so particular attention must be given to deicing

equipmen t to avoid engine damage. The PMS 1D probes are mounted on the nose ,

and al .;o pose a potential icing hazard . The 20 probes are in the tiptanks.

2 .3 PMS 10 System
The 10 system consists of the 10 probes, the recording syst em and the

flight condition sensors. These are connected as shown in Figure 2.6. The
relationship of the computer system is also shown .

2.3.1 Axial Scattering Probe. The Axial Scattering Probe (ASP)

measure3 optical forward scattering from small particles in an isokinetic

sam ple volume to determine particle size. Dual photod i ode detectors are

used to verify that the particles are in the sample volume. PLlse height

detection circuitry classifies the particle signal s into fifteen size bins.

The size bins are rea d out by the da ta ac quisi tion system at one secon d inter-
vals.

-8-
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The ASP probe is m ounted throug h an alu m inum plate in the ri ght forward

windo~ of the Lear jet , as shown in F igur es ?.2 and 2.5. A stream lined

cross-section has been provided to eliminate Mach buzz effects at high

cruise speeds. Because of vibration at high Mach numbers and noticeable

drag, this probe is normally removed for ferry f l ig hts. The e lectronics
c i r c u i t r y  is contained in a box mounted on the aft  s ide of rack No. 1, as

shown in Fi gure 2.3.

• Deicing is provided by a propellor deicing boot on the leading edge

of the elliptical section of the probe. Additional patch heaters are pro-

vided at the outboard end of the probe. The probe is seal ed with putty on

the irside of the aluminum plate to maintain the integrity of the aircraft

pressLre hull.

The lo gic circuitry necessary to reject out-of-focus p~ ’ticles is

con tained in the probe. Additiona l circuitry includes logic to channel

the particle s i ze information ou t to the BMS and reset the inpu t buffer
memory on the pulse he ight detector.

The pulse hei ght d etector uses a set of sixteen voltage compara tors
and la-;ches. The reference vol tage to each comparator is proiided by the

reference photodetector module and divided by a resistance di’ider . The

pulse height detector is capable of sizing pulses as short as 100 nanoseconds.

Because its reference voltage is divided from tie source of i lumination ,

the entire system has an effective automatic gain control .

~l l power supplies are modular units. The low voltage supp lies have

short circuit protection. The high voltage laser supply is potted to avoid

arc-oven at high altitude and to provide protection from shock.

The ASP is designed for water particles . The Lear jet no ’mally flie s

at alt i ;udes where water droplets are rare. Since the scattering functi on
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of ice crystals is poorl y um:I:? rstood , the ASP is onl y used to indicate

relative numbers but is nor mall y not relied upon for determining mass of

ice crystals.

2.3.2 1D Cloud and IL) P r e c i p it a t i on  Probes. These optical array

spectr mmm ter probes are manu~ dc tu r -ed by a rticle M e ~suri ng Systems , Inc .

Tnmy count and site particles by h~ay ifl y the shadow of each pa rticle On

an array of photodiodes. A hel i um-neon la’~er is used with condensing and

i n l a y ing optics to focus the shadow of a par tic~e lying within the sample

. 1 imn e on an  a r r ay  of 24 photodiode e l m m n t s  - paced 200 microns apart. The

l~~mr light beani is passed be t~uen two opti cal ar m s in the airstream. A

pa rticle passing through the beam casts a shadow on the photod i ode array .

Photodetecto r-s and logic circuitry convert the si gna l from the photod iodes

occulted during a pa rticle s~nadow trans it into a count of the nomber shadowed

for each particle. This count effectively measures the lateral dimension of
the particle. Particles shadowin g the end diodes are rejected because they

are not entirel y contained in the sample volume. The count data are stored

in the probe and read out by the BMS at one second intervals.

Two configurations of the optics have been developed to cover size

ranges from 20 to 300 microns and from 200 to 3,000 microns. The probe

covering the smaller range is called the 10 cloud probe (1DC). The other

probe covers the larger range and is known as the 10 precipitation probe

• (1DP). The combined size is sufficient to determine the water content

in dense high altitude particle environments. Although particles with

dian~ter larger than 3 mm have been encountered , their contribution to

the water content is usually not significant at high altitudes .

The sample area of the 10 probes is a function of the depth of field

or the beam length , wh i ch ever is small er , the magnification , width of the

photodiode array and the particle size. In the smaller size classes , each
probe configuration has adequate samp le area to characterize par ticles
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ex pe ted at a l t i tudes  above 15 ,000 f t .  In the larger ranges , the sample
area is marginal ly acce p tab le .  Re la t i ve ly  sparce part ic les are not
char c c te r i zed  wi th the expected accuracy because of s ta t is t ica l  var ia t ion .

The 10 probes reso lve par t ic les  into 15 s ize c lasses , uniformly
distr ibuted over the range of the probes. Although the recorde d s ize  t ray
not be a precise me asu meme r ~. for ior-~ pt~~. i:al ~u’ t ic les , studies have been

comp leted which al low adjustment s for a var iety of ice crystal types .

The two 1D probes are mounted on the nose of the a i rcraft  as shown in
Figur ? 2 .7 . Short pylons p rov ide  s t ruc tu ral support . The probes ar -e mounted
so as to a l ign the sampl ing area perpendicular to the local air f low. Power

and d~-ta lines are routed through the forward pressu re bulkhead and along
the side of the cock pit . Deicing is provided by el ectrical heating elements

in thc forward facing surfaces.

The 10 probes use a helium-neon laser with a sea l ed c~vity configuration .
The op t ical systems inclu d e condensin g and ima g ing s pherical el eme nt s w ith
p lain ~ielectric mirror positionin g surfaces. The photodiode array has 200

mi cron spac ing in either probe. The number of act ive photod iode el emen ts
may vary from 17 to 24; however the maximum number of size chL nnels resolved

• 

is 15.

The pho todetector modules are cxnstrLc t~d usin g two cascaded Teled yne

t Ph i lbr i~ k ampli fiers. The photodetector modules d iscriminate the shadow i ng
even ts )f the individual photodio de elem ents and provide the a pp ro pria te
lo gic om tput signals. The modules are designed to operate over at least an

or der o ma gni tude variation in light level .

The necessary logic to determine the number of photod i odcs occulted
during a particl e shadow transit include logic to channel the prticle sizes
out thro 4gh the BMS and to reset the input buffer memory on the photodetector
modules .
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S pec i f  l i d t  i nns and Ot he r  (Inti ii s ar-c prov idcd in the vendor manuals.
Fu rt l er infor m ati on on the operation of these probes has been given by

Knollenberg (1916).

2.3.3 Buffer Mmi ;- or -y Sys tem . Inc buffer Memory System (BMS) is the

data acquisition system for the 10 probes and the associated analog data .

The BIAS is mounted with its associated recorder in rack No. 2, as s h~.in in

Figure 2.3. A photograph of the front panel of the BMS is shown in Figure 2.8.

The BMS coll ects data from the ASP (15 channels ), the 10 cloud probe

(15 channels), and the 10 preci pitation probe (15 channels) at one second

intervals. It also accumulates data from the flight condition sensors and

the time code generator at one second intervals. All data is ac cu mul ated

i n the BMS , stored , formatted , and then transferred to a Kennedy increm ental
9 trac ta pe drive. The data is simultaneousl y transmitted to a Computer
Au toma ti on LSI 2/20 m i nicompu ter so tha t real t ime com puta ti ons can be
accom pli shed on the data. Da ta i n the BMS i s di s pl ayed on a four digit
Nixie c~isplay with a thumb wheel word selector on the front panel . The

addresses and contents are listed in Table 2.1.

1.
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TABLE 2. 1
BMS DATA ~0RMAT

PROBE CHANNEL COF4 r LN s
1 0 F o r m n v a r  repl icator Footage

1 1 - 15 Da ta coun ts (ASSP)

2 0 9333

2 1 - 15 Data counts ( 1DC)
3 0 Elapsed Time

3 1 - 15 Eata counts (1DP)

AUX DATA 0 8192

1 Pressure (Altitude)

2 Differential Pressure (Airspeed )

3 Tem peratu re
4 Dew po i nt
5 Liquid Water Content (J-W)

6 Analog Spare

7 TWCI Reference Frequency

8 TWC I Sense Frequency

9 Analo g Spare
• 

• 
10 Minutes and Seconds (from ToG)

11 Hours (from TCG)

12 Spare
13 NC! zero set mode

14 TWCI Temperature

• 15 TWC I Temperature

The BMS has stora ge ca pac i ty for input da ta from three sepa rate
p ro bes plu s the aux i liary data . The memory has 64 stora ge addresses
w ith 16 bits of BCD storage per address. The memory uses a common

sh ift register for two addresses. The memory is constructed from TTL

lo gic and is capable of asynchronous read-write functions. The memory
is provided with optical isolators for probe input.
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The BMS also contains the necessary interface logic for sending data

to the Kenned y inc reimm ental magnetic tape recorder and the com puter . A stan-

dard Kennedy Model 1600-360 9 track incremental tape transport is used to

record the Outpu t of the BMS. The 8~ inch reels a re suf fic ient for over 19
hours of record i ng ti m e per reel .

The input analog data is converted to d ig ita l signals by a VC O-c ounter

type A-D converter . Dig ital data from the time code generator , the footage

coun ter and o ther dig ital sources can be accomo date d by four di gital inpu t
c hannels ava i la b le.

2.4 PMS 2D~~~~ tems
• The 1D systems described above have certain limitations. Among these

are: 1. Only the la teral particle dimensions are measured .

2. No information on ice crystal shape is provided .

3. Several different assumptions are required in computations
i nvolving complex ice particles.

Because of these limi tations , a se t of PMS 20 probes is included in the HAWADS .

The 20 system consists of two 20 probes , the 20 recording system and

the Fli ght condition sensors. There is no connection to the computer . The
• block diagram for the 20 system is shown in Figure 2.9.

2.4.1 Princip les_of 9peration. The 2D probes are similar to the 10

sys tems descri bed above except that they use a 32 el ement photodio d e array and
have a h igh speed data storage register which enables each photodetector ele-

ment to transmit up to 1,024 bits of shadow information from each particle .

Shadow information from each el ement is stored at a rate of up to four milli on

bits per second as a particle shadow passes the array. This results in

successive ima ge sl ices as the particle passes .

Data is recorded only when particles are present , thus auto iriatic

data com pression results . When no particles are present in the sample

volume , the clock is used to accumulate elapsed time in time counters .

When a hadow is drtec ted by any of the 32 elements , the clock output

to the time counter is stopped . Each successive clock pulse iu used to

sri ft the roridi tion of each of the 32 diode elements to a buffer memory .

-21-
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rlu is proces s continues until no snot-c el em en ts are shadowed . The elapsed
• time counter is then read and reset, so that the elapsed time since the

last particle encounter is written in microseconds in binary form in the
first 24 bits of the 32 bit word. The remaini ng 8 bits are available
for recording other data and can be used to identif y the time ward . The
clock then resumes the function of accumulating elapsed time until another
particle is encountered .

The result of sh ifting the successive 32 bit words into the buffer
register is successive image slices which effectively define the size and
sha pe of particles encountered . An example of images of stellar dendrites
is given in Figure 2.10.

The clock rate can be controlled manually by a potentiometer on the

front of the DAS-2D or can be slaved to the true air speed of the aircraft.
It is desirable to have the clock rate controlled so that the long i tudinal
sampl i ng interval corresponds to the lateral effective diode spacing .
This measure will assure that round particles produce round images.

The components used in the 20 systems are limited to four MHz data
rates. This means the photodiode elements must be scanned at four million
times per second or less. With 25 micron diod e spacing , the four MHz
data rates limit the true airspeed to 100 meters per second . Since the
Learjet can not f ly this slow at high alt i tudes , the HAW A DS 2DC diod e
spacing has been adjusted to 40 microns. This corresponds to a true
airs peed limit of 160 meters per second , which is well within the capability

of the Learjet. The 2DP diode spacing must be a binary multiple of the 2DC

spacing . A 160 micron spacing was sel ected as the most effective spacing
for the 20P probe.

2.4.2 20 Probes. The PMS 2D probes are mounted in cylindrical

pods which are housed in the forward end s of the wing tip fuel tanks , as
shown in Figures 2.lland 2.12. These pods extend aft into the fuel cell so
that fuel surrounds the pod , provi ding an effective hea t sink for regulatin g

the probe temperature. The probes are connec ted electrically to the DAS-2D
by cables through the wings and into the cabin.
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j Figure 2.10 Image slice data for stellar dendrites from a PMS 2D cloud
probe. The elasped time between encounters is coded in 24
bits to t he right of the image.
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The data from each im m ia ge s l i ce  is stored in a s ta t ic  MOS shi f t
register which serves as the probe buffer. Actually, two MOS buffers are

employed in a “p in g -pony ” fashion so that one. can be available for loading

(at a rate determined by incoming partic l,~s) while the other is used to un-

load the previous sam p ling of particles (at a rate necessary for proper

writing). As long as the first buffer can be unloaded before the second

buffer is half filled , no “indigestion ” is encountered and the buffer roles

can be alternately reversed with no loss of data .

If particles are encountered too rapidly, one buffer may not be unloaded

before the other is half filled . In this case , an “overloa d” exists. The

dura ti on of th i s overloa d per i od is recor ded in mi ll i secon ds for each 10
secon d per i od . Th i s ex presses the overloa d as a percent for that 10 secon d

period .

2.4.3 DAS 2D. The DAS-2D is mounted in rack No. 3 (Figure 2.3 and

2.13), with the Pertec recorder and formatter.

The DAS-2D accepts data from the two 20 probes along with various other

input data and makes it ava i la b le for wri ting on computer co mp at ib le mag ne ti c
tape. Data from the 2D probes are written “on request ” as determined by the

particle activity encountered whereas all other data (slow data ) are written

at fixed rates of one record per ten seconds. Up to twelve optional differen-

t i a l  ana log  in pu ts are sam p led once per secon d , plus 32 counters that are

sampled every 2 seconds , plus forty words of four digits (16 bits of BCD) that

are recorded once every 10 seconds.

The data channels prov i ded for slow data are:
1. Elapse d milliseconds - seven decades written at the beginning of each

s low data printout.
2. 20 clock frequency in percent of 4 MHz; one wor d sam p led once eac h 2

seconds and printed as word 17 in odd data l ines. (Even subco m. Nos .)
3. Percent overload on 2D probes in hundredth s of a percent for the 10

second interval preceding the previous slow data printout. 2 words ,
one for each probe , sampled once each 10 seconds. Printed out as
words 1 and 2 in 2nd line of slow data printout (or r-ecord)(Subcon
Line 1).
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4 Tota l  2[) pa r t i c l e  & n u r m t s  for m , i & I m  probe for the 10 se corm d L I  ,od
pre~ cdi my t he p m c V  ions ‘ 1  ~~ do t  a record. Printed out as wor (Is
3 and 4 in 2nd line of slow data record.

5. Paral le l  dig ital inputs f rom tim mme code gene ra tor; 2 words (of which
1’~ are used for t i me) samp led once each 10 seconds , pri nmted as words
3’~ and 4 in 1st line of slow data . Ela psed t i m e  in seconds is printed
o u t  as word  1~ and word 2 in 1st l ine of s low data .

The fli ght condi t ion sensors , as s how n in Fi gure 2 .1, are fed to the
DAS—2D a s well as the BMS . The r e a l - t i m e  d a t a  from the time code generator
are also recorded in the DAS , as well as other recording systems . Thus ,
the DAS-2D provides a redundant record in most respects .

• The forma t of the DAS-2D record is shown in Table 2.2. The assignment

of the analog channels , time and other data are show n according to their

• cur rent confi gura t i on .

24.4 Particle Image Display . The particle image display (P10) consists

of a four inch by fi ve inch CRT monitor which is dri ven by the DAS-2D. It

provides for displaying 640 slice images from either 20 probe . In the run

mode this presentation will change every time a new 20 record is available

from the selected 2D probe . Switching to the hold mode inhibits new updates

and allows selec tion of any one of the four areas for expanded viewing. All

• 640 sl ices remain in storage and can be repeatedly selected for viewing as

desired until the run mode is again entered , allow ing real time data updates.

Each slice image contains 32 elements displayed vertically and
corresponds to the condition of the 32 photo d iodes i n the 2D pro be dur i ng
one clock period with dark elements for shadowed diodes and li ght  ele men ts
for unsh adowed diodes. Each of the four rows of slices in the unexpanded
display consists of 640 slices , or 160 slices in the expanded mode. The
a pp earance of the i mage is ver y s imilar to the printer /plotter out put
s hown in F i gure 2.10.

• 
2.4.5 ~~~e Recording . The DAS-2D system drive s a Pertec Model T7640-9

• 
9 track , 25 ~ps 

recorder/formatter with 1600 bpi density whi ch lim its the
s l ice ra te to 245 r~artic les per second with the record length of 37,240 bytes .
Th is particle rate is for large length particles of about 32 image slices
per particle. Maximum rates for smaller particles are proportionately

greater . With 600 ft. of tape available on the 7 inch reels , the maxim um

• -29-
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1,

~u r t i c i e  ro te  Cun i c  ; , u j r t u ~ r~-d fur on ly about e iqh t  c~nuteS. H~ .- v ~ r ,

rur ~ a 1 ~r t ic l  e ra t es r’csu l t n r i - co rd ing  ti :r me s of o v r  one cur.

i\ t o t a l  & f  3d s low d a t a  w eds a r e  p r o v i d e d  e t c h  ‘ ‘e or id d l i r I J  w i t O

ci 1m~ e m i r e t n  m~~~rdout ’ , bi f u r t  w r i t  i n 1  t I - er m i i l l  t a pe , eu I, I ~at ‘ I t  h

slew d ata s c u d -, r i t t ri on tap e will consist of 320 du t a rIh p lu s t .~~

words of ti ; •c and id c n t i f i ca t io n  info rma t i on  (c 4 4  t - f e  L~~tes o f 8 b its ai

The sc a n r a t e  of - uce per second resu l t s  in one s lo w data re ~ 2 f e u d
mc i t ten every  ten Se O rel S.

Recording of d~r ta fro m one p m ohe do -s r o t  have to be co mp leted c - f  ~ e

a c i ue s t  for c - c o r d i ng  f r o m  the  ut f i e r  probe is re c e i v e d  in or or to : - r  o~ i d e

c l i i  nte r rupted par t ic le  s :~pl f l 3 .  As long as a buffer iH•ory in ~ proLe t oes

not yet half f i l led b uf o re  i t s  a l te rna te  buffer m’cin ry nas been cong l t o y

read out onto the tape , there w i l l  be no interrupt ion of data in that pm be .
Th is a t rp l  i es to froth probes .

Wi th  600 f t .  of tape per reel , about 5 minutes of data can be recorded
at the maximum 20 request rate . For s i tuat ions where changing tapes is not
practical , a selector switch on the front of the DAS-2D is provided to limit

writing 2D (image) records to 1, 2, or 10 second intervals as desired , m a - ing

the minimu rrm time per reel 4.6, 1. 15 or .6 hours respectively.

Some flexibility exists for utilizing the slow data words. The

arrang ement provides for 12 prime analog channels , each samp led once per

second plus 3O subcommutated channels , each sampled once every ten seconds.
F iftee n of th e 2 secon d su b channels are ava i la b le for recor di ng 1 secon d
accumulations of the 15 size classes coming from the 10 probe. These data

can enter the DAS as 4 address lines accompanied by a strobe signal ~or

each particle sized in the probe. The DAS decodes the address and impl ements

the corresponding 4 decade BCD counter in each case. After each 2 second

sampling interval , the contents of all counters are dumped in parallel

i n t o  ou t p u t  shift registers and then the counter s are reset to zero for

to e next  sauipl i ng. A similar imp l ementation is used for the ana log inputs
by p roviding a voltage to frequency converter with corresponding counter
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for each input. This amounts to an A-U converter for each channel , with

each samp le recorded respresenting an average of the input si gnal over the
1 second sampling interval. In the case of the eight sub-commutate d analog

housekeeping signals , a sing le counter is time shared to represent a second

average of 10 different i r iputs seq~ er i t ia l  ly with each i niput recorded once

ev e r y t en  secon d s .

A sel ectable 4 digit decimal d isp lay is provided on the front ~ nel of the
DAS-2D to allow viewing of any s low data word in the forma t without inter-
fering with recording. Push-button switches are provided for controlling

recor d ing func t ion .

The dif ferentia l analog inputs in the DAS provide for analog inpu t
ca pability . Each module contains two channel s with each channel made up

of a hig h qual i ty d ifferent ial instrumenta tion amp lifier fol lowed by a
vo ltage to frequency converter. Gains from 0.1 to 10K can be selec ted by
mount ing proper res i s tors. Potentiometers are i ncl ud ed for sett i ng of fse t
and trirmiing ga in as desired . The full scale frequency is 10 KHz resulting
in 4 decimal digit reso lution for 1 second samp les . Some pertinent
specif ications for the di f ferent ial  ana log inputs are:

-Differential input impedance: greater than 100 megohms
-Common mode impedance: greater than 100 megohms
—Common mode vol tage range: ±10 volts
-Com mon mode reject ion: 100 db
- Input bias current: 50 nA
-Input offset voltage dr i f t :  3 microvolts per degree Ce lsius

The true airs peed sl a ved 20 osc i llator in the DAS provides for generat i ng
a 20 cloc k frequency proportiona l to the true aim-speed so that raw image
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data will have the  ~ iii1t m t ’o l  ut ion along the f l i gh t  paths as
across . A voltage c omm tr oll I osci llator is emnmoloyed to provide

a -~‘lH7 frequency at a true ai ~~s peed of 160 meters per second (in
the Learjet with 4O mnicron resolution along the flight path. The analog

vol tage for true air -speed is provided by the com puter by irr eans of a 0-A

converter and necessary scaling electronics. The VCO output is used

directly for the 20C probe and is divided by 4 in a counter to clock the

160 micron resolution of the 20P probe. It is important that the image

slices be sampled at the correct rate so that the particle images are

not distorted . Presently, the TAS interface circuitry i s not ins tal led
and the 2D oscillator is run at a constant 4 MHz rate which corresponds

to a true air -speed of 160 met ers per second .

A Pertec Model T7640-9 tape transport with a Model F649-40 formatter

are used for recording data from the DAS-2D. This is a 9 track phase
encoded system for operation at 25 ips at a density of 1600 bits per

inc h on standard 7 inch reel s (600 ft of tape per reel). Read-after-wr i te

units are emp loyed to allow error checking during recording. The Pertec

ma gnet i c ta pe sys tem i s i nstalled in the bottom of rack No . 3 , below the
DAS-2D as shown in Figure 2.13.

2 .5 Fli ght Cond i t i on Sensors

T he f light cond it ion sens ors are ins tall ed to p rov id e basic data
needed for evalua ti ng th e part i cle info rmation recor d ed on the 10 and
2D sys tems .

2.5.1 Pressure erermtia l Pressure. A Va lidyne Model P24

pressure transducer is used to measure the co-pilot static pressure. The

transducer is locate d behind the co p i lot’ s instrument panel . It produces

a 0-5 VDC signal proportio nal to static pressure from 0-15 psi. Altitude

is com puted from the stat ic  p ressure da ta.

-33—

• 1  
- 

~~~~T~~- ‘
~~~~~~~~~ ~~~~~~~~~~~ : :::~::~: -~~~~~~~~~



T ..---.--—--— — ‘~ 
r 

-

~ ~~~~

- -

~~~~~~ 

--

A Validyne Model P24 dif ferential pressure trans ducer is u s ed to
sense the copilot pitot -static pressure differential. A 0-5 VDC output is

provided for0-2 psid. An indicated airspeed is conmnputed from the differential

pressure . This transducer is smiounted behind the copilot ’ s ins trumen t panel .

2 .5 .2  Dewpoint. The Dewpoint measurement uses an EG&G Model 137

dewpoint system. It employs an absolute sensing device which cools a mirrored

surface until fog forms and then maintains the surfac c tempera ture a t th e fog
threshold. The temperature of the mi rror i s , by definition , the d ew point
temperature . The probe is mounted on the aluminum p la te i n the r ig ht fo rwar d
cabin window. The electronics module is mounted on top of rack No. 1 as

show n in Fi gures 2.2 and 2.3. Balancing control s and the balancing indicator

are provided . No de-icing is required for the system .

2.5.3 Temperature. The temperature measurement uses a Rosemount
Model 102 total temperature sensor , mounted on the aluminum plate on the

second left cabin window , as shown in Figure 2.14. It employs a platinum
resistance element and a flow duct designed to achieve a constant recovery
factor. Flow within the duct is controlled by boundary layer bleed ports
to improve time response and to separate water droplets from the airstream
passing the sensor element. The housing is equipped with 28 vdc deicing
heaters. A Rosemount Model 510BF79 signal conditioning amplifier is used
to produce a linear 0-5 VUC signal proportiona l to temperature from -70 C

to -f5O~C. This amplifier is mounted in the bottom of rack No. 5. No
adjustments or controls are availabl e with the system .

2.5.4 Liquid Water Content. A Johnson-Williams Model LWH liquid

wa ter content meter is used to measure the concentration of water in cloud

sized droplets. The probe is mounted under the nose of the Lear as shown

in Figure 2.15. The probe uses calibra ted resista nce wires , normal and
parallel to the fl ow , to measure the amount of cooling due to evaporating

imp ing ing water d rop lets . The probe is electrically deiced . It has a

range of 0-6 g/m3, but accuracy is uncertain and res ponse i s degra ded
outside of a 10- 50 micron range. A power supply for the pro be is moun ted

_34..

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~ I:’I~ . :T::T. ~~~~~~~~~~~~



- 

-35- 

0

- ~~~~~~~~~~~~~~ 
‘ 

- ~~~~~ ~ T~1Ii1i~~



a)

a)
• -4-’

0
(_)

- - 4-’

-36-

~

-- :-~ :‘. :ti ~~ i.~~ 
- 

i:”

’ 

_ _ _



in the nose avionics bay of the Learjet . The electronics module is mounted

in the top of instrument rack No. 1 and is shown in Figure 2.3. Cormtr ols

are provided to set the zero signal level and to adjust the airspeed cali-

bration factor. Two scales are provided on the built -in meter . Details
of cal i brat i on , maintenance and operation are given in the vendor manual .

2.5.5 Time Cede_Generator. The Stanci l-Hoffman f’lodel TG2400XB time
code gene ra tor , mounted in rack No. 1, as shown in F igure 2.3, is used to
generate a binary time code signal which is recorded on 1 track of tie
recor der . A 6 digit lighted display continuously indic ates the time in
hours , minutes , and secon d s on a 24 hour t ime forma t.

The addition of a battery emergen cy power supply allows uninterrupted
operation during power failures. This is accomDlished by the use nf a nickel —
cadmium battery pack consisting of four 1.2 vol t cells connected in series

which is constantly charged at a controlled rate whenever the generator is

connecte d to the AC power lines . When power i s removed , either gradually

or su ddenly , a smoo th transit i on to battery power takes place w i thout losinq

or upsetting the ind i cate d time . A similar transition to AC power takes

place automatically when the power returns .

The lighted d igi tal di s p lay con ti nues to operate duri ng batt ery
operation but at a l ower brill iance to conserve power. At the battery
end-point , just prior to where the generator will no longer operate properly,
the dis play i s barel y vis ib le .

The battery is full y charged after operating on AC powe r for approx-
irna tely 15 hours , and will then operate the generator during power failures

t
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for  a t  l east  2 hou rs . However , in ma ny cases it will operate as long as 3

to 4 hours before the batteries become discharged .

Power is connected whenev er it is applied to the receptacle at the

rear of the unit. The ba ttery sw i tch at the left end of the panel must be
placed on the ON position to armn the unit for emergency power.

I
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:‘.b Dat a  r ruc t ’ss in9  Sy~~t i i ~
The data processing sys tem ins ta l led  in the a i r c ra f t  i n c l u d e s  a

Computer Auto m ation LSI 2/20 di g ital computer , a Ca lcon mp plotter , a 11

pri nter/ key boa rd , and a Renimex paper t , i F me reader. ftc sys t e i r  bl orl ( l 1 r ’ r- d rn

is - huwn in I i gure 2. 16. The I/U d~ v m’s d0 l i t  v-ate liii r 2— c (ip~ (ii S p1 ays ,
both graphically a n d  numer ica l ly ,  of s evera l r e a l — t i m e  cloud p a r : e l e r s .
These ena ble in-flight rion i tor ing of the p e r f o r i a n c e  of the sensor system
and the characteristics of the environm n ent being samp l ed . Pertinent

infor m ation can then be relayed to the test directors to assist timely

decisions about the conduc t of the mission .

2.6.1 LSI 2/2O Com~puter. The heart of the data processing system

is the LSI 2/20 16 bit computer (installed in rack No. 5, Fi gure 2.4).
The computer has non—volatile 32K of core mnennory and is progra nrmniabie from

it s front panel consol e, the Remex paper  t ape  reade r , or the TI key board .
The real time programs use For tran IV for ar i thmet ic co m putat ions an d

assembly lan guage for  contro l and raw data transfer. Compute r Automation

supplies the basic executive program and libra ry subroutines .

i-I
User genera ted programs normally are com piled an d linked to the CAl

‘ opera ting system ” and a binary object co de genera ted using ei ther ma gneti c
tape or di sc per ip heral dev i ces . Since the HAWADS system provides neither ,
all new programs and changes to the existi ng programs must be made at - 

-

another facility . A binary paper tape must be punched so it can be loaded
into the compu ter via the paper tape reader.

I
Real time patches can be made from the computer console (or the TI

keyboard using the “De bug ” routine) but no paper tape copy can be made
with the p resent confi gurat i on.

Instrumen tation system data and status is input to the computer via
an inte rface module connected to the BMS . The 10 particle dat a end the
fli ght cond ition sensor da ta are used to compute true airspe ec- , altitude ,
temperature , dewpoint , pressure , time , total nunmb er of par ti cles de tecte d
by all the 10 probes , water content in partic le density, and rad?r
reflectivity (Z).
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Figure 2.16 Data Processing System, Block Diaqram.
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The comrputer continuously outputs a running f(ur second average to
the Ca lcomp p lotter (see Fi gure 2.17) ~hich dis plays:

1. Ti me~of — day ( s d m ip l e time )
2. Crystal type
3. Water  content for each probe: ASP , 1DC , HiP

4. Total wa ter content for all prones .

A va n able length average is co ip t i ted  on co -a nd from the TI
keyboard and is output to the TI pr inter (see Fi gure 2.18) which displays:

1. Start and stop time of samp le

2. Crystal type

3. Al t i tude H
4. True air speed

5 . P r e s s u r e

6. Tempe ra ture
7. Dewpoint

8. Par ti cle coun t, density , water content , and reflectivity
for each size bi n for each 10 probe.

2.6.2 Real Time Co~pi ter Pr~g~-am . The computer manufacture r provid es

the bas i c operating building-b lock programs for e cecut ive , ar i thmet i c routines ,
and input—output drivers . Addit ional software development tools , such  as

Debug , an d a com p le te library of diagnost ics , are also provided . The user
n ee ds to add only those s pec i al rout i nes necessary for his s peci f i c a pp li cat i on .

The HAWADS real time program contains all the basic operatin g packages

provided by Computer Automation pl us special software which collects the 10

cloud probe and flight condition sensor data fronn the BMS , accepts c ommands

f rom the TI keyboard , computes cloud physics data , and outputs the data to

the Calcomp plotter and the TI printer. The basic program flow diagram is
s hown i n Fi gure 2.19. The real tinne progr am is written to respond to four

hardwa re interrupts : Power-fail/restart (priority 1), BT4 S data ready (pr io r - i t ) 2) ,  -

keyboar d input (priority 3), and computer console interrupt (priority 4).
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L F A P— 3 o  FL IG HT )A T A

1/2 4/77 21 :19 :17 T~ ~~~~~~~:i~~ FLAPSF D ~~I M ~~ 4: r ~ Y P~~: SS
ALT 13026 .FT/ 3970.M TA S 177.Kt/ Qj .M /S P 618 ,MB T — 8 .SC To—49 .yc
lAS 141.K 1/ 73.M /S
SL OPE 1.025/1.025 !NTCP 0.364/0.364 COEF 0.400/0.370 FX P 0.782/0.676

SIZE COUN T NO / M **3 L*C M G / M 3  I
2 795. 1 0440?. 0.0’ 0.1 ~‘ — 1 3
4 5927. 77n3 3~M . 0.0 0.5 0E— o -~1 1 0 1 9 . 1 44712? . 0.? J .9 O~~—~~’8 1255122. 0. ’e 0 . 4 C F— 0 ’ -

10 ‘ 780. 1 1 5 ~~’)78. 0.’~ 0.1~~~ — u 3
12 6843. ‘398692. 0.9 O .30E— ’D ’5
14 f C O 7 . 7994 07. 1,~ 0 .55J— -35
1 6 4375. 574570. 1.3 0 .13E— c4
1 8 3161. 441431. 1.4 0.16~~— C 4
20 22 11 .  290371 . 1.2 0.19E—C4
22 17 40. 22-’514. 1 .1 3 . 2 7 m _ 0 4
24 134 8. 177033. 1.3 0 .34E—04
26 c-~i. 1 30’14e. 1.2 3 .41nT—c4
28 824. 108216. 1.2 O.52E—04
3C 92. ~088C . 1.3 0 .6 6 E — 0 4

ASPSUM 11 .5 0.28F— 03

20 743. 77410. 0.6 D.16E—C4
40 547. 14926. ~~•4 fl .4t~~— 04
60 66C . 84C4-. C.5 0 . 12 E —” l
80 f-iS . ‘~112 . •i .6 0.25~~—~~ 3

1 00 t-62. 3 37 2 .  0.6 ).43E— ~~3
120 b1 6. (‘.6 1.66F—c ’ 3
1 40 488. 1427 . 0,6 O.82~~— c 3
16L 2 59 .  649 .  0 . 3  ), 67 E - - r 3

174. 467. ~ .1 l~~83F-~03
2 C C’ 75. 2 17 . ‘ .2 - ) . 6~~E— )~~22C ‘6 .  2 7 .  ‘~.2 ).9lE—0~
24 0, 4b  • I 57. ). 2 3. 1 ‘O— 2
210 49, 184 .  ~‘ .3 D.17E_ r ?
28r. Am . 10 ? .  -~.4 ‘,~~~5~~— -’ ?
300  07. 2~~8. 3.6  3 .4 8 E— ~~ 2

i o c s nj w  51~~-~;. 1 15 2 0 7 . 6.5 O. l~~~~iI
‘6 7 6.  2 .8 ).~~75—~~t

3 24 6 .  2 37c .  14 . & : . 32E  t-
6 ) 0  527g . 902 .  12.4  ( . 57~ 0 ’
800 7 1 2 3 .  42~~. 8.9 -~~.68~! ‘

~~~

i~ c t ~~‘ ). I ‘I. 5 .5  3 . - 4 E
366 , 51. 3 . 7  ~~~~~~~~~~

1 4c’ S 165.  3 9 .  •?.~~ “ .52~160( 62. 1~~. 1.2 D .35F ~~
-;

5. (‘.8 T.27~ ‘~~~
— zo r r  ii. 7.  \.4 r-~~~~7~ 5 ,

2 2 : 0  7.  2 .  .3 u . i’
24)0 1 . ~ . C . l  0. 37E— ,. I

f 2t~~
( 3 .  1. 3 . 2  5 . 1 7 ~ “~~~• 28cc . ‘-. . -~.- ~~.

_)

30 (0 C .  , ~~~~1D~~SUM ‘ 1 9 2 5 .  57 7 9 ,  5 2.~~ ) .45~ 1

T O T A L  7 7 - ’-O l . 15225. ~~~~ .4S~ 5’.
MK 2~ - .~~ S M K ?~~ 5,~~~3 r : . - ~2?  S~ ~• ) 7 : ! ~~ 3

Figure 2.18 Sample output from the TI printer .
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~ ) 1C n powe r is brought up on the co t r t put r- r , a h~ r ‘~ -~o re fr- ~ ’ j re r , ruues

t he acn ine  to exec ut e  a p r-elOCi - d s t a r t—u p  routine (~ t ü r  i-i i n  r u n-  v u l a t i l e 

ur v ) ) s ) ) i C h  i n l i t i a l i 7 es  al l  (
~
- vur -lt t ’ r ’ — , dat a — s t o r - j ;e  l O ’ a t ~OflS , r~d i ~ -

ou tp ut  ‘ n t r ’ n f~it es . Then the rea l ti uE’ u su i ) e rv is oF ~
n 
, R T X , Ic cd l led  l-,r i ch

‘ noPl es  t’~ te rn al in ter rupts  and p laces the Co ;nipute r p r - ~rutn in a ~.ui t ” f I r

g r o u n d  l oop node loo k i ng fo r  an i n t e r r u p t  to occ ur . W hen a S~S i n t e r  ‘ upt is
recei ued (at  a 1 per second ra te) ,  the progra m L - - t nch e s to the L’~S s e rv i ~ e
r-yut i  ne which inputs and for ni a ts the BMS data , perfo r:ns the !-ea l ti le
Cu: p l ltd t l  ons , and then outputs the data to the plotter. The serv ice  r ~t ine
then checks to see uhether any spec ia l  m ode has been prev iously  se lec ted
f r -

~~r’ the ~ey bnard , and , i f  SO , ( u t ) u t n  to the ) r i r ’tc - r acc o rd i r iq ly. 5
that  the BMS data input does not require a “ reddy- i euponse ” frei the c onip-~tc- r
to m i  t iate transfe r . The softwa re must be prepared to acc on i-odate the [--MS

or risk los s of data for that one second block . ~‘hrn the BMS data output
is c )i- p leted , the service i-outine returns proqram untrol to the “ground

loo p ” and is- a i t ~ for the next interrupt.

When an interrupt is ,-eceived from the keyboard , the command from the
operator is stored where it cae be retrieved and executed during the next

[-MS inte rrupt routine. The keyboard service routine then returns control

to the gound l oop. Valid keyboard commands include:

L — Prints out date , time , temperature , dewpoint , altitude , and
true air speed

H — Prints outp ut heading

R - Prints -number of powe r fa i l/ res tar t ;
-number of data sync , errors
—number of BT-~S time—outs

T — Si i::ulates [-MS 64 word data block

B - O utpu ts  ent i re 64 word BMS input buffe r

Z — Calls Debug routine and al lows loading instructions into the
compute r from the keyboard

S — starts compilation of 10 data for t ime-average s a - p le run
E - Ends s t i ple run , begins printout of ID sample data

1-9 - D e f i n e  type of ice crystal .
Nci te that if a higher prior i ty interrupt occurs du r ing serv ic ing of a lowe r
pr ior i ty I r t e r ,  ‘ p t , the program is desi gned to immediately save the info r-

-d ’ . i’ Jr  t i i r c j  processed , ju mp to and serv ic e the hi gher inte r- rupt , and then
return to the oriq ina l place .

p -4~—
3-‘ I
I

— ;_ -,- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “ 
-
~~

-
~~~ 

- — -- - — - -
~~

--“
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



rni - -

2.6.3 TI Print er/K ey~’oird . A Texas I ist r u: :e nts Si lent /00 printer

is also tied into the computer for inputting ice crystal types for computa-

tional purposes arid to request a “ start  of sample ” (S) and on “end of

sd mn ple ” (E) .

During the time interval between start and stop of sample , the cc ~- p u t e r

will run computat ions on al l  of the data that coirles in , providing real time

cloud physics info rmation to the on—board ih teurolog ist . At the conclusion

of the sampl e period , the processed 1D data is printed out. One of the formats

sele cta b le for ou tp ut is shown i n Fi gure 2.18.

The Silen t 700 , shown in Figure 2,20 is a sel f-contained local—

control led elec tron i c dat a te rm i nal des i gned for use in a wide variety of

telecommun i cat i ons systems . Silent electronic printing is achieved using

a dot ma trix on a monolith ic , solid-state printhead which prints characters

across the page. The matrix is composed of separate solid-state heating

elements , each electronically controlled. A volta ge i s a pp lie d to the
proper chara cter element , transferring therma l energy to the heat—sensitive

paper , thus creating a visible image.

The model 733 KSR is an ASCII—coded , keyboard send—rece ive data terminal ,

s i milar i n funct i on to conve n t i onal tape pu nch da ta term i nals . The II 733 KSR
is capable of transmitting, receiving, and printing the ASC II code and character

set at switch—selectable speeds of 10, 15, or 30 characters per second . The
1-IAWADS unit is set up for 30 characters per second.

The following options are availabl e with the model 133 KSR:

a. Answer- back memory

b. Au to answer control

c. TTY li ne i nterface ser i es
d. Automatic device control (line-disconnect function )

e. Mode M line interface

f. Full (upper and l owercase) ASCII keyboard
g. Acoustic coupler .

I

- 
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2. 6.4 Calcor rip Plo t te r .  A Calcomp 565 drum plotter is used in the

HA~ADS to provide a continuous p ic to r ia l  representation of cloud data from

the 1 U probes sampled d u n  ng f l i gu t . A t y p ical p lot ter output is shown
in Fi’~iure ? .17.

2. 6 .5 R e e x P aj~er Tape Reader. A Remex paper tape reader is used
to rea d both real tim e dnd diagnostic programs into the computer. It is

installed in the top of rack No . 4 as shown i n  Fi gure 2 .3.

The Remex Mode l RR-63003BX/66X , punched tape reader is designed to

operate in data processing systems using 8 channel punched tape. The
rea der converts the informa t ion s tore d in the form of punche d holes i nto
electronic s ig nals. -

A plug-in circuit card provides the logic control for tape mn ov u i ent

in either direction from external signals or the front panel switches.

The outpu ts from the card contro l a step motor which drives the tape via a

s p rocket w heel. Data outputs are generated from the photocell rea dh ea d.
As ta pe passes over the photocells , chan ges in li ght intensity are se nsed
by the pho tocells , amplified , and brought out to an external connector .
The card also contains the power supplies for the l amp , circuit s and the
step motor.

2.7 formva r Repjicator

The com putation of liq uid water content from the PMS 10 or 20 da ta
requi res a knowl edg e of the type of hyd rometeors encountere d . The Forr- -v ar

‘ replicat or is designed to provi de a permanen t recor d of a sam p le of

— 
hydi-ometeors. Formvar is commonly used to make replic as of hydrome teors .
it is a clear plastic substance which is used to coat microscope slides or
other clea r carriers used for sampling. When a hydrometeor is dropped onto
a layer of liquid Formvar , the surf ace tension causes it to mi grate around

the hydr-ometeor , encasing it in a thin l ayer of Formvar. When it dries ,
the water can eva porate through the porous shell , leav i ng a hollow cast i ng
of the particle shape . The (IRI Formvar . replicator is designed to automat e
this process . Clear Mylar film is transported through the sampling arm

-48-
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~-.hich ex t e nd s  throug h the ‘ -e~ ond ri gh t  t d b i n  w indow . It is coated with
l iquid Com var j u~ t befo re pi ss ing a ‘~up l  i nq slit in the leadi rig edge of

the sampl ing a m The t 1pe is then returned to a dryi nq Section and
co l l ec t ed  on a tak en) ’  spool . ~ f i u t n ~ e counter is used to measure the
amount of film used . A di y i~ al O u tp u t from the counter is provided for

— t he BMS. This re ord enables the opera tor to return to a particular point

of interest on t he  film .

The Fornvar rep licdto r is made up of five systems as follows :

1. The 16 mm film transport including the supply and
takeup reels , tensioning motors , trans port drive
motor and the series of spools and guides which
route the f i lm throug h the i n s t r u m e n t

2 . The Forirvar sys tem , inc l uding the supp ly tank ,
per ista i t ic  pump, pen applicator and the connect i ng
valves and tubing

3. The sampling boom with its heated leading edge and
1mm wide samp ling port

4. The dr ier housing, heaters and a i r duc ts
5. The control mo dule an d el ectron ics w i th a foota ge

coun ter.

A num ber of difficulties are to be expected in using the Formva r

replicator . Fi rst , it is relati vely complex and difficul t to operate .
Peliabi lity is low and considerabl e cleaning and mainten ance is required .

Par ticles larger than about 200 microns break up when they impact
the replicator tape. The fast speed of the Learjet further complicate

thi s problem. Interpre tat ion of the broken pa rt i cles is d i ff icult an d
imprecis e.

The speed of the Lear jet ma de it necessar y to i ncrease the slen der-
ness ratio of the sampling boom by extendi ng the leading edge about 2.25
inches away from the Formvar tape . As a resul t, very few particles ever
i mpact the fi lm an d essent ially r~ne are recognizable as ice crystal types .
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The Formvar repl icator  is nor m a l ly mounted on rack No. 2 w i th  the
arm extending through an aluminum plate in the second ri ght cabin windc - w

as shown in Figures 2.2 and 2 .3. A po sit ive seal is p rov i de d a round
the a~m.

2.8 Time Lapse Camera
A forward looking time lapse came ra is mounted as shown in Fi gure

2.21 on rack number one so that it looks between the pilot and copilot.

The camera body is a standa rd Perkin Elme r Model 3107, a 16 mm type of ten
used to produce a film record of aerial combat. The Model LB26A 16 mm
film magazine has been modified by Epsilon Laboratories of Bedford , MA to
project the time of day dig its on each frame of film . A var iety of lenses

are available for the camera .

The magazine holds a standard 100 ft reel of 16 mm dou ble sprocket

film. The magazine can easily be changed in flight . The camera mechanism
is electrically operated and provides the power for mov ing the film in the

magazine . -

The Mode l E200T - DS - 3 t ime lapse system consists of a multi plexer !

trans mi,tter unit (E21 OTT) and up to three receiver/ display un i ts (E2 1OR D) .
Only one is used in the HAWADS . Parallel input time code data is converted

to serial form by the multipl exer/transmitter unit and sent to the receivers .

At the receiver , a local ly generated readout coninand pulse causes the

receiver to convert the time code input signal to a visibl e display in

hours , minutes and seconds .

This display is imaged onto the back (non emulsion) side of the film
through a slot cut into the pressure plate by means of a folded opt ics
system of three plane mirrors and a relay lense . The rel ay lense and two
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of the folding mirrors are contained in the receiver unit w h i c h  is attached

to the camera magazine cover pla te. The th i rd m irro r is located within

the magazine and is mounted on a special fixture mounted on the rear of

the pressure plate .

The transmitte r unit dccepts time code from the Stanci l-Hoff nan time

code gene ra tor and prod uces a synchronous serial output. Six numeric
characters are transmitted in serial BCD at 400 complete readouts per sr crj rd .
Seconds are transm itted firs t and tens of hours last . Th ree current -limited

power ampl ifiers are used as a buffer so that as ma ny as three paral lel
receivers can be used in each sy;tem.

The receiver circuitry converts the serial data to a sequential parallel
forma t so that as each character is received it will be applied to the seven
segment enable lines of the 6 di git display modul e. In the absence of a
readout command , each rece i ver wil l  be i n a qu i escent s tate in which onl y
the BCD to 7 segmen t ena ble lines are active. Under this condition the 7
segment inputs (anodes) of the displ ay will be suppli ed with power but the
character select inputs (cathode returns) are not act ive . Conseq uently no
v is ib le output is produced . When the camera shutter command input is
act iva ted , circuitry in the receiver causes the receiver to display the
next complete time code received . The anode inputs of the d isplay are
powered . The receiver generates a set of character select inputs which

are used to select the appropriate cathode return elements of the 6 digit
disp lay array . As a result of the cha racter select inputs , as each BCD
time is recei ved and decoded , the associated decima l di git of the disp lay
is illuminated.

2. 9 Total t- nt I

The NCI has been built by Metoorology Researc h Inc. under contracts
with the Air Force Geophysics Laboratory . One version of the TWC I has been

installed in N36TA .
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It is desi gned to measure total water co n ten t in both l iquid and
sol id  hydi-ometeors . It uses a butyl c ar - b i Lol  t l u i d  to w ash a co l lec t ion
plate wh i c h  is mounted in the nuse c a p  of the ai n c r - a f t  and exposed to
the a i r — f l o w , so that the ~‘ u r t i c l  en u r i’ co l lec ted in ti me f l u i d . f t ’ -y  are

then melted by the warm f luid and ca r r i ed  to a sensing cha m ber . Th e s - r < - o r
uses a capaci tor  in a tu ned c i r c u i t  wi th the f lu id  u S  the d i e l e c t r i c .

Water in the fl uid changes the capaci tance and the output frequency of the
tuned c i rcui t .  Electronic c i rcu i ts  detect the sh i f t  by comparin g w i t h  on

identical cell wi th pure butyl carb itol as the d ie lec t r ic .  The output of
this system is ca l ibrated in terms of w ater  content .

The TWC I has an elaborate system of heate rs and f luid controls to
manace the condi tions of fl ow through the sensor. The f luid tanks and
associated control valves and pumps are located in the back of the cabin .
The control panel and e lectronics are mounted in the bottom of rack 5.
The output signals are fed to the BMS and are thus made available to the

computer.

The TW CI is  in the final stages of testing and eva l uation in prepara-

tion for operati onal use. Very limited documentation on it is ava i lab le .
Th is document will be revised to include a mo re detai led descript ion of
the TWC 1 when more info rmation is avai la b le .

2.10 Snow Sti ck

The snow s t ick  shown in Fi gure 2 .14 , is a streamlined rod attached
to an a luminum plate in the second left cabin window. An e lect r ic  deicer
boo t is provided on the leading edge for deicing. An observ ation s ca e e
w i th a one squa re cent i meter sur face i s prov id ed at the oute r en d of ~he
leading edge. Electr ical deicing is provided but is insuff ic ient  to fe l t
snow , so the surface can not be used in sii ow becau c e of rapid ice bui ld up .
The deicer boot provides a secondary observat io n sur face whiJ can usqally
he used in snow because the s l ick contoured surface sheds ice more eas i ly .
However , residence time of snow part icles is extremely short except on the
leao ing edge whe re an ice buildup occurs .
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The ~~r u w  st h k is v i s i b l e  to the f l ight m eteo rolog ist and is used
OS a nOO ns of s t op p ing ice pam ci c b s  long e noug h to judge their rel a ti ve
s i z e  and fr -q ue n i c y .  Cr v ’~ta l  ~~~~ it ca n be observed to some degree but the

part ic l~-s ire usua l1~ - h u t t r r - d  on i: l iLt  and tend to pi le up in sncw .
A s pecial  li ght is in- - t a i l e d  t o  ii l nni r - i t e the snow stick at ni ght , however ,

a flashli ght th mn - o: h the wi rd u~ gives Urtter results .

An additio nal oh ccrv ation aid for the m eteorologist is provided by

special black paint on the inboard side of the left wingtip. This black

back ground enables the ri -t e o ro l ogist to jud ge the relative size and

intensity of frozen i’y du - o r - c t e ors .

2.11 A IF/Trans iruter

This is a rack- i-ou sted chassis custom —bu ilt by MRI to contain aux—

i i ia r~ interface eou ipme nt  (hence AlP , Auxiliary Interface Panel). it is

installed bel ow the computer in rack No. 5 as shown above in Fi gure 2.4.

At present , the A lP conta i ns only:
- tne +15 VDC power supply for the Calcomp plotter

—a junction-box (for power and data cables )

—the di gital display and selector sw i tch for the 1D p robe
end element vol tages.

2.12 Project Communication System

The project communication system provides means of communication

between the meteorological observe r, the eq uip ment opera tor , the fl i ght

crew , the on— board audio recording equi pment , and the air-to-ground

radios and Flite Fone. The sys tem block diagr am is shown in Appendix A .

The techn i c i an an d me teorol og i s t normally wea r hea dse ts , with boom
mi crophones a ttache d , which plug into the audio junction box on the left

s i de of the cabin be tween the c rew sea ts . The intercom is usually monitored

on the headphones but an off-phones-speaker selector switch is available
at the aud i o swi tch panel , shown i n F i gure 2.20.
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A press — t o — t a l k  swi  tch a t tached to this headset keys the V h F  or UHF
transmitter . The projec t VHF or UHF r d d i O  receiver audio is selected via

~nnother off-phone -speaker togg le uw i tch . Only one rad io can be used at

a time ; rocab l ing is required to use the other.

The airc raft  f l ight c rew can a lso monitor the intercom net or the

project VHF / UHF radio communication by plugging their headset into an
au di o junc ti on box insta l led beh ind the co pi lot ’ s seat (See Fi gure 2. 21) .

The f l ight c rew can talk on intercom but do not have the capabi l i ty  of
transmitt ing over the project VHF or UHF radio.

Bot h the intercom audio and the project VHF or UHF radio audio are
also recorded on the Stanci l- Hoffm an audio tape recorder shown in Fi gure 2 .22 .
The following channel assi gnments are made for the four audio t racks:

Track Ass i gnment

1 Intercom

2 Project VHF or UHF
3 Cockpit communications

4 Time code.

The coc kpit cor~- - urHcations are recorded only if the crew uses headsets.

The recorde r ru ns con ti nuously durin g all miss i ons .

The lul fsberg WH 1B Flite Fone is an air-to-ground radio- telephone

and is independent of the project communic ation system except for using

t n e  technic i an ’s audio box as a junction box and an FT25 aud io amp lifi~ r. — -

The Fl ite Fone has its own handset .

2. 13 Power_Distribution
The HAWADS instru m entation equi pment req ui res 28 VDC , 115 VAC-400 Hz ,

115 VAC - 60 Hz , and +15 VDC power. Detailed system cabling, schematic , and

block diagr am s for instrumentation power and data are included in Appendi x A . -
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F igure 2.22 Ins trument rack No. 1 showing the UHF radio , 3-1 LWC
ind icator and the Stanci l-Hoffma n sys tem .
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2 .13 .1 DC Power. Y -we r - from both a im - c - r a f t  Fit- )1-nora ~~ r (or  b at t o n i e s )

and bet h 400 Hz inve r - t t -r - -~ is sent to the ro ister ps- .- Y r  d is t r  i t u t i m n i  m O b

~- Hch  is located i n the top of rack No . 5 , Sb -In in Fi gure 2.23. The
airc m -aft flight cm - ow has pri m a ry control ove r powe r a v a i l a b l e  to the
ins t ru menta t ion  by v i r t ue  of t’ gg le sw i t ches  ins ta l led  in the p i lot ’ s
instrument panel and the cop i lo t ’ s c i r cu i t -b reaker  panel . The master
p0- ic r panel d istr ibutes le f t  and ri ght 28 VDC ar i d left and ri ght 115 ~‘i~C-450 ~z
to the instrum :ientation syster and to the three Topaz 115 VAC — 6 0 Hz i n ve n t o r s .
Individual power c i rcu i ts  are selectable by toggle swi tches and are prute  ted
by appropriate fuses or c i rcui t  b reakers .

2 .13 .2 Tq~~z 60 Hz rters~~ odel 10OOGW-2R-6O-115 . Three Top az
inverters are insta l led to provide up to 27 amps ( 1000 VA capac i ty  each) of
115 VA C —6 0 Hz s inusoidal  sing le —p hase power to the instrunentation sys te ir .
The units are sol id state and are short —c i r cu i t  and overload protected . At

a nominal output power loading of 6 amps , the inverte r wi l l  draw 33 amps at
28 VDC input.

2 .13 .3 Low -vo l tage _ Power ~~~~plies . A commercial +15 VDC supply is
i n s t a l l e d  in the AlP chassis to provide level mat ching to the plotter inter-

face li nes.

2.13.4 Dei~ in~. Electr ic al deicing is provided for all the externally
r 

‘~:--~nted sensors . It is particularly critica l For the probes mounted or the

fuselage because they are  d i r e c t l y u p s t r e a m  f r o m ’  the engines . Any ice

building up on the probes is li k ely to be ingesteo by the eng ines and may

result in subs tantial damage or even failure of the engine. Any damage at

all is likely to be quite expe nsive to rep air.

The leading probe surfaces have 28V propeller deicing boots . They

do not work as well in this ap p licati on because centrifugal foi~ e is not
available to slide the ice off as it is l oosened by the heated - - ot s , as
i t is on propellers . In this case , the boots must provide enough heat to
melt the ice. The heating circu i ts have been mn odified so the heaters operate

in parallel to provide n -m axi m um heat.
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5ooe 1~fadin g s~ rfd ( -u are dc-iced by electric heatin g elemen ts inside

t in e sur face.  The ob se rva Lion stage on the s no- i  stick is one such surface .

These sum-faces nius t be m ion i tom-ed carefully in fli ght throug h ic i sq cundi t ions

to detect lce buildup, which requires that the aircraft leave the icing level .

All puni er for dci ci ng c o n e s from the left aircraft generator via the

f aster  power d is t r ibut ion panel.

2.13.5 A i r c r a f t  E lec t r i ca l  Power. The aircrdft is equi pped wi th  two

DC generators , one per eng ine. Max imum power output for each is 420 amps at
28 VDC . Ammeters are prov ided for monitoring each unit’ s output . They are

cau t i on—l ined  at 325 amps and red — lined at 400 amps .

Two sta t ic inve r ters provide 115 VAC 400 Hz power. Each is ra ted at

1000 VA. They are about 75~ efficient.

Max i mum powe r ava i la b le may be cons id ere d as
Pmax = 400A x 28V x 2 = 22400 VA .

Peak a i rcraf t power lo ad levels  are ex per i en ced d ur i n g takeo ffs an d

lan d ings due to i nterm it tent loads from the land ing gear , gear doors , landing

li ghts , flaps , etc. Very li ttl e electrical load is required for airframe

deicing, s in ce mos t de i c i n g uses b lee d a i r an d a lcoho l .  The a i rc ra ft manu-
facturer states the maximum aircraft requirements are 375 amps . This may be

reduce d somew hat  w i th the ra dar removed ; it  uses 6 am ps of 28 VDC an d 60 VA of

400 Hz AC , or an equi valent of 8.9 amps of 28 VDC . Aircraft norma l peak power

is the refore 375 less 8.9 = 366 .1 amps of 28 VDC . One generator can carry the

aircraft load in the event of a generator loss but non-essential loads should

be dumped .

Sin ce the peak HAWADS power- l oading occurs at altitude and in icing

condit ions , the a i rc ra f t  takeoff and landing loads w i l l  not normnially coincide .
In th i s case , the aircraft power requirements (in normal fli ght using deicing

systems ) are about 260 amps at 28 VDC . Then , gi ven a generato r loss , onl y 25~
of this load need be shut down to stay within safe limi ts . Th i s sets an
emergency condition power limi t of 195 amps at 28 VDC .
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2.13 .6 IIAW A DS Pom -; er P - c u :  cc: :  - u t s . ~ev c ra l instrume nts must have
deicing on at all ti - e s in fi nt . f- co c - e r v a t ive  est i mate of this load

is given in Table 2.3 ar id totals 1 1- ’ .5 drips w i t h  T.-~CI .

The data acqui S i ti on ~io ’  tion of ti e sensor pa ct ins requi ~ 1 P4 .25 amps

at 28 VDC and 610 VA of 400 H~ h F  .AC for its operati on • The v a r i ous  s e nso r

pa ckag e den - n nd s ha ve  been di vi ded i n to fou m - n-co ups (2 AC , 2 DC) in an effort

to equalize individual e-ne rator and i - -i~~rter ln~ c ing .  The follow ing is a

summa ry of the power req uir -i~:-n ts.

Ai ro ro f t  requi rel ents 366 a: ps

fonsor Package — DC 302 amps

Sensor Package — AC 29 amps

TOTAL 697 amps

With all aircraft and sensor package systems operating, the generators

work at 87% of red line. During norma l fli ght conditions airc raft require-

ments are reduced to 260 am ps an d generator loading drops to 740 of red line.

At the fi rst indication of a genera tor problem the da ta acquisition

secticn of the sensor package should be turmied off manually . If generator
failure occurs with no wa rning , the data acquisition portion of the sensor
package s automati cally dumped by the powe r tap circuitry .

The following is the loadin g level on the remaining generator.

Airc raft requirements 260 amps
Sensor package - essential deice 117.5 amps

TOTAL 377 .5 amps

It would he operating at approximatel y 94% of red line output. However ,
wh e n  aircraft nonessenti al i tems are dropped , the loading is m-educ ed to:

Air craft requireme n ts (essential only) 195 amps
HAWAD S (essential onl y) 117.5 amps

T OTA L ESSENTIAL 312.5 dr ips
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TANk 1. 2. 3 1 F. R LORD I ~ S CHART

TO PAZ hi GHT 60 li z 400 lIz LEFT
INST RUMENT NO . USLI) 28 VDC AC AC 28 V DC

BMS 1 8.0 1.0

1DC 0.5 2. 5

1DP 1 1.0 3.0

Kennedy recorder 1 1.3

DAS 2 0.7
20C 1.5 (Rt) 6.0
2DP 1.5 (Rt) 6.0

Pertec formatte r,
recorde r 2 1.5

PlO 2 0.6

Stanch —hoffman 1 1.3

J -W LWC 0.8 (both) 15.0

Formvar replicator 25.0 20.0

Dewpoint 1 .8

Temperature 0.25 10.0

~ Pressure t ransducer  0.25
Pressure transducer 0.25 -

Computer 3 5.5
Plotter 2 1.5
TI Printer  2 2.0
mCI 20.0 40.0
Time l apse camera 0.5 (Lt) 15.0
AlP 0.5

Beacon 1.0
Radio - UHF/VHF 10.0

Inverter 1 33.0
Inverter 2 34.5

inverter 3 31.0
Snow Stick 2.5 5.0
ASSP 1.0 10.0
Flite—Fone 3.0
Paper tape reader 2.0
Power supply + 1S VDC 3 1.0

138.25 20.7 5 .3 163.5
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rhe m d i  iii r ig gencrutor is reduced to 18~ ut red line.

I n  S c  -dry , t he a i r c n  a f t  y e n e r a t i n g  system is a J e q A a t e  to p rov ide

HAi-~ADS t owo r n t -q u i  cu1~~n 1ts  sa fe ly .  A rev i cm of the y - nien a t o r  demand 1 c-i d s

i nd i c it e  that even in the ovent of an emergency (engi ne/ generator  l o s s ) ,

su f f i c ien t  ; u c e r - ge- n~ rat ion eA i s t s  to 1- ro v i de  al l  essen t ia l  a i r c r a f t  and

iiA~-~A DS sys ten nis.

2 .13 .7 Protect ive Dcv ices.  Due to the high level  of HA~-iAuS de mands ,

the var ious sensor cou p-o r ir ~r t s  won -c div id -U into two equi 0 - ent gr o ups t uat
would present approx i m ate ly  c oa l  i o ~-o r d~- : , inds on the le f t  and r iqut
generator busses. This is to prevent possib le oven - loading of e i ther ge nerator .
Al so , since the aircraft is equipped with a load equalizing circuit ,

p i ovision is made to prevent the entire HAWADS demand from being transferred

to one generator in the event that one generator fails. Both a u tomatic
and na -iual protective devices are included in the main power tap lines.

Automatic and manual drop provisions are included to remove the HAWADS from

aircraft power in the event of any emergency.

i~ire sizes , breaker types , fus es and sw it ches , buss-bars and terminal

strips are in accordance with FAA AC 43.13-lA. The power tap system is

provide i with interlock swi tches located at the pilot s instrument panel.

The pilot , therefore , maintains comp lete control of the aircraft and sensor

elect ri :al syst - ws.

The following is a brief exp lanation of the various protection devices

included in the installation.

ACB 1 and ACB2 are precision heavy load automatic reset circuit breakers

which are installed near the left and right generator busses to which they

are attach ed , thi-reby providing protection of all sensor package cabl ing in

the event of a grounded line , etc. Power relays , PR L 1 an d PRL2 , are adjacent

to ACB 1 and ACB2 and are controlled manually by the pilot , and automatically

sense rel3ys CRL 1 , 2 and 3. In the event that a generator fails , CRL2
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j i ’ n :ediate ]y opens i R ~2 , i i-~ ov i ng that load . St -ni so r deice w i l l  r e n a  in on

unless manually dropped by the pilot. CRL1 and CRL 3 are arranged in a

— sel f - la tch configurat ion so that once they have been dc-energ ized they

will riot activ ate unl ess manually reset. This method prevents a load from

reappearing on—line once a fault is detected . All circuit brea kers in the

HAWADS distribution panel are of the ~trip~free
h type and fuses are of the

AGC fast-blow series , thereby protect inn q all lines diverging front t fl dt

panel . A sm all toggle switch is installed on the right side of rack :5

which overrides the automatic disconnect feature of the power tap system .

When the switch is in the override position , the instrumentation can be

power -ed by the airc raft batt erie~ or a ground—pcwer cart. A dr aw ing of

the power tap system is included in Appendix A .

2.13.8 Cable Lists . The complete instrumentati on system cable

list is attached to this manu a l as A ppendix A.

2,14 Groun d Support E~ ui pmen t
Da ta collec ted in—flight can be partially reduced for post -mission

“qu ick look” anal ysis us i ng a Versatec printer/ plotte r to replay the 2D
data and a Stancil -Ho ffrnan audio tape transcriber to recover observations tmade by the flight crew during the mission .

2.14.1 Prin ter Plotter.  A PMS printer /plotter interface is used to
provide the necessary con t rol and storage electronics for interfacing the
Versatec p r inter / plotter to the Per tec magne t ic  ta pe fo rma tter . The play-
back system provide s a convenient means of generating hard copy directly
from data recorded during the mission on magnetic tape from the PMS 20
da ta acquisition system. The system will autom atically print all slow
data recorded and plot al l image data recorded for as lon g as desired .
It is possibl e to select either images on ly or slow data only to be cop ied
if both types of data are not necessary for a part icular data run.

A four digit decima l disp lay is provided to d l low reading a tape and
displaying the time recorded without copying either type of data on the
pr- inte r/ p lo t te r . In this way a spec i f i c  port ion o~ data can be l D c a t e i  ari d
copied -n thout having to copy all the data precedi ng it on the tape . An
error lamp is also included to indicate parity fai lures as they occu r in
reading thc- tape. 
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The unit mounts in a desk top cabinet along with the Pertec tdpe

transport and formatter. This cabinet is about the samo size as the

Versatec printer/plotter which can - be rolled alongside for operat ion

m aking a compact sys tern for use in the field . Fi gore 2.23 s hows an

ex a n ip ie of the 20 data pr intout .  This pr intout is a Oa rt  of this m iss ion
data package and is also used to monitor the 20 data system for fa ul ts .
Portions of the 2D record can be expanded for more detailed analysis . The
20 taue is later shipped to the AFGL CDC 6600 computer facility for comp lete

data ~eductio n and analysis .

Table 2.4 P R I N T E R /PLOTTER I N T E RFACE _ S P E C I F I C A T I ON S

Data input 8 bit parallel input with strobe for
each byte and end of record signal
from tape formatte r

Data output 8 bit paralle l output w i L h  strobe for
each byte ari d end of line si gnal to
printer/plo t te r

Image storage capacity 4096 bytes from tape (1024 Image Slices)

Decima l d i spl ay 4 d i git readout of the last time read
from tape for seeking speci fic data
se gments for ha rd copy ou tput

Power 115V , 60 Hz , less than 1/2 amp

Dimensions 19” wide x 10” deep x 5 3/4 ” high
Wei ght Less than 15 pounds

2 .14.2 Audio—Tape Transcriber. The audio tape transcriber consists
of a Stancil -Hoffman CRM 7/19/28 recorder /reproducer tape transport and an

S-H TR24 00 time reade r which is designed to monito r the time-code track on
the audio tape and display the time—of— day of the original recording (at
any tape speed or in either direction).

The me teo rolo gi cal obse rvers normal l y t r ansc ribe th e i r  own au di o
tapes i mmediately after each flight to annotate missi on events .

2.14.3 Ground Powe r Unit . A ground power uni t capable of generating

300 amps at 28 VDC is required to provide primary power to the aircraft for

ground testing. The GPU can be e i ther gaso l ine  or elec tr i ca l l y powered .
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3. St a rt t h e  vacuum pump.

4. HMS : dial in auxiliary data , channel 1. (pressure)

5. DAS : dial in channel 040. (pressure)

6. Adjust vacu um valve to raise the altimeter to t h e  desired
al t i tude . CA UT ION : As a l t i tude (vacuum) increases , pressure

- - u s t  be d ec re ased  on the pi tot s y s t e m  to keep the Airspeed
indicator wi th in  i ts a l lowab le  range to avo id danage to the
instru nmient. A lso ensure that the rate of ascent or descent
does not peg the Vert ical -Speed Indicator instru mmi er i t .

7. After the altitude reading is steady for  5 secon d s ,
A. Start samp le on TI
B. Record :

CAL . COPILOT
TIME BMS DAS ALT . ALT
hr/ my my ft ft

C. End samp le on TI , wa i t  for it to begin printing.

8. Repeat steps 6 and 7 from 0 to 30 kft in 2 kft steps , then
from 31 to 50 kft in 1 kft steps , then
f rom 48 to 2 k f t  in  2 k f t  steps

9. Shut system down and detach special equipment or do airspeed
test.

10. Plot va lues  of c a l i b r ated a l t i tu de a gai nst BM . DAS , copilot ,
and TI pr i nted a l t i t u des , or m i l l i v o l ts , resp ?ctive ly. Verify
that  they fit the cali bration curve in use. If not , derive
a new curve or send altimeter unit to Validyne for calibration .

The present calibration curve is shown in Figure 3.1.

3.2 D i f fer en ti al Pressure Syst em
t .2.1 EqLii pI~ pt. Th e same a l t i m e ter/a i r s peed ca l i br at i on test set

is use d to ca l i b r a t e  a i rs peed as de scri bed above . Observe the same ca ut ions
to avoid damage to the flight instruments.

3.2.2 C a l i b r a t i o n  Procedure. (minimum: once every 6 months). Attach

the test set and follow procedures as described in the last section to step

2. Then proceed as fo l lows :
3. Start vacuum pump and adjust values to a constant a l t i tude

i nd ica t ion of 20 k f t .  Kee p th i s  readin g s tead y for a l l
airspee d calibration readings.

4. BMS : dial in auxiliary channel 2. (delta pressure)
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5. DAS: dial i char n el OsU. (del La pressure )

6. Adjust va lv e s  to S F i C L 1 1C ca l i u r a tc - d  airspeed ind ic at ions
at  an altitude o f 20 k f t . K eep the r (-ad I ngs stead y for
5 seconds.

7. W h e n  s tead y :

A . Start sa m ple on TI
B. Record :

CAL. COPILOT
T I M E  BMS DAS lAS lAS

hr/ mm / sec m v  IV kt  k t

C. En d sample on TI , w a i t  for TI  to begin pr int ing.

8. Repea t  s teps  6 and 7 from 0 to 300 knots in 20 kt. steps ,
then from 300 to 0 knots in 50 kt. steps.

9. S h u t  sys tem down and detach special equi pment.

10. Plot the values of calibr -ated a i r -speed against BMS , DAS ,
copilot , and TI printed airspeeds or m i lli v o l ts , re spec t i ve ly .
Ver i f y they f i t  ca l ib ra t ion  cur -ye in use. If not , d e r i v e  a
new equation or send airspeed transducer to Va l id yne for
cal i bra tion.

The present calibration curve is shown in Figure 3.2.

3.3 Temperature Sensor

-3.3.1 Equipment. An accurate decade res is tance box wi th su i tab le
leads s required . The range of the decade box must be from 350.00 to

600.00 ohms . A bag of ice is used late in the calibration procedure as a

final ice-bath chec k .

3.3.2 Ca l ibration Procedure (Once every month). The Rosenount temper-

ature sensor is calibra ted by replacing the temperature sensor with specifi c

and accura te res i stan ce values and s i mul taneous ly rea di n g the BMS and DAS
m i l li v o l t  va lues :

Res istance BMS DAS TI Temp . Temp. Output
ohms mmiv my C C my

359.10 -70.0 - 2
389.57 -55.3 + 626
419.88 -40.0 +1253

450 .04 — 2 5 .0 +1879
1.06 -10.0 +2506
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Res is tance BMS DAS U Temn~. Je~p. Outpu t

ohms my my ‘C m v

509.95 + 5.0 #3132

539.77 +20.0 +3758

5 6 9 . 3 4  ~~33 .O +4383

598.8 4 +50.0 +5009

Pro cee d as fol l ows:
1. Remo ve the thermi stor and a ttach the deca de resis t anc e box to the

appropriate points to substitute resistance in place of the thermistor.

2. Power up the HAWADS and computer using an APU .
3. Inser t the f i r st res i s tance .
4. S tar t sa mpl e on T i , record BMS and DAS millivolt readings , and end

sam ple on T I .  Record TI calcul ated temperature .

5. Insert other resistance and repeat item 4. S h u t  down sys t em .
6. Verify tha t each input resistance resul ts in the correct millivol t and

temperature output . If not , der i ve a new tem pera tu re equ a t i o n  or
send the temperature amplifier and probe to Rosemount for calibration.

7. Replace the tem pera ture ther m is tor .  Power up the temp era ture  sys tem an d
check for 0C  readings when thermistor is surrounded by a well
mixed i ce-~iater bath . Power down the system.

The present temperature calibrat ion curve is shown in Figure 3.3.

~.4 Dewpo i nt
3.4.1 ~g j p ~ent. Two ca l i bra t ion p lu gs , one mark ed low th e other

marked high are located inside the cover of the electronics box. A sling

or fan aspirate d psychrometer and relative humidity-dewpoint slide rule

are used as a final dewpoint check.

: 3. 1 .2 Cal ibra t ion Procedure (once each month) . The d ewpoint system

i s ca l ib ra t e d by re pl a c i n g the sensor w i t h  t he cal ib rat i on p lu gs . Proc eed
as fo l l ows .

1. Remove the conn ector from the sensor head an d a ttac h the conn ec tor
to the c a l i b r a t i o n  plug marked low. -

2. Power up the HAWADS except for the 2D system.

3. The BMS should indicate 0.500 v and the TI printout should be
-40’C Dewpoint .

4. If it does not indicate properly adjust Ru in the electronics
box of the dew poin t  for the pro per in di cat i on .
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5. Remnm ove the connector frorr ~~~ -.: e d l ibrat i on plug marked low.

6. Attach the com -~ator to the caflbraticn plug marked hi gh.

7. The BMS should indicate 4.500 v and the TI printout should be
+40~C dewpoint.

8. If it does not indicate pr -upc r -ly adjust R15 in the elect ronics
box of the dewpoint for the  p r 0 1 er i r J i c a t i o n .

9. Recheck both low and hi yh after fina l adjustment.

10. Install the connector back on the sensor head .

11. Perform a final check on the temper ature-dewpoint systems using
a sling or fan aspirate d psychrometer. The calc ulated Ti values
should agree with the psychrometer derived temperatur e-dewpo mnt
within± 1~C.

12. Power down the HAWADS .

The current dewpoint calibration curve is shown in Figure 3.4.

3.5 -Johnson Williams L i j a ~~~~Content

3.5.1 Equipment. Calibration equipment consists of a model LWH
dumy head supplied by the manufacturer. The dumminy head has a toggle switch
to change from zero to a high scale calibration position.

3.5.2 Calibration Procedure. (once each month)
1. Remove the liquid water content sensor and install the dummy head

in its place. Power up the HAWADS . 
-

2. Set the range switch on the readout panel to 0-1 gm/mi scale.
3. Set the airspeed knob to 200 knots.
4. Place the dummy sensing head toggle switch to the zero position.
5. Unlock and set the zero adjust knob to a zero indication and lock it.
6. Place the dummy sensing head toggle switch to the full scale position.
7. Unlock the calibrate adjustment knob , adjust it to full scale (lg/m 3)

indication and lock the calibrate adjustment knob . Power down system .
8. Remove dummy sensing head , verif y that the wires in sensing head

are not broken or open , and install sensing head .
The current calibration curve is shown in Figure 3.5. This completes

the calibration procedur es for the five meteorological sensors.
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3. 6 Axial Scatt erin g Spet. t r t ) I Im et t m  Probe

3 .6 .1 E~ui~wm ent. Calibrat ed glas s beads of about 12 and 24

mn icr - on s i zes  are r equ i r ed  to s i m u l a t e  w at e r  drop lets. Beads are available

f r om Particle Information Servi ces , Inc . ,  Gra nts Pass , Oregon .

) .6.2 Ca l ib ra t ion  Procedures. Perform a ca l i b ra t i on  check  on
the ASSP probe once each month as f o l l ows :

1. Remove probe from its m ounting on the side of the a m rcraf t .
2 . Connect the probe on the inside of the aircraft with it sitting

in a posi t ion where g lass beads can be poured throug h the light
beam.

3. Turn on the com pu ter an d the 1D system in accor ’dance with the
c heckl i st .

4. Al l ow approximately 10 minutes warm up time .

5. Run  a 3 m i n u te sam p l e on the T i pr i n ter to check for noise.
6. If the sample shows noise on the printout , the probl em sho u ld

be reso lve d before c o n t i n u i n g the cal i br a t ion che c k .
7. Sta rt a sample on the TI.

8. Pour ca l i b ra ted 12 m i cron g lass beads th rou gh the beam an d ca tch
them on the other side for reuse.

9. End the sam ple on the TI .
10. Check the TI printout for proper sizing and record the results

on a cal i brat ion  form .
¶ 11. Start a sample on the TI.

12. Pour c a l i b r a ted 24 m i cron g lass  bea ds throu gh the beam an d ca tch
; : them on the other si de for reuse .

13. End the sam ple on the TI.

14. Check the TI pr intout for proper sizing and record the results
on a cal ibration form.

15. If it checks OK reinstall it on the aircraft .
16 . I f  i t  does not check OK send it to PM S for cleaning and calibration .
17. Power down system in accordance with the checklist.

3.7 1D C l o u d Pro be
3.7.1 E

~uJpLi1ent. 
Calibrated glass beads of about 150 and 250 micron

size are required . Test cables are needed to operate the pr-ohe on a bench
and to opera te it outside its housin g while it is connected to the data system.
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3.7.2 Procedure. Perfurm a 5 u ’ih rut ion che ck on the 1D cloud

probe . (Once each mm ~ rith )

1 . Remove the probe f r-urn i ts hoo i i i ] .

‘. Set the probe up on a b~~ieh w i tn the bench tes t  cdble and a l low
30 minutes ~a rmmm u ii t i mim e .

3. Clean  a l l  opt ics .
. Cover the laser output and ~m e  u - mode array with black tape.

5. Check and set , if necessary , s- u] 1 vol ta0es to -0.02 to -0 .03 \—DC
using a calibrated di g ita l vo lt m ~eter.

6. Remove the tape arid clean the diode array .

7. Centering of the laser bm -aw on the diode ar ray  shou ld  be c h - - - o-i
visually and the optics ad justed , if nec essary , to cc -m i te r t h e  b e an .
Beam should not be real igned to g ive equal edge diode output voltages.
These voltages should be recorded and if they are not of suffic ient lj
high value - at least  one vol t  — the cause of the low out ut s s o u i d
be investigated . It could be a defective 152 card , dir t  on the op t ics ,
a poor l a se r , etc .

NOTE : “Calibration ” , or adjust m ent of the magnification of the i n - ag ing
ontics , should be done with as large a size bead as feasible as toc-re is
some im precision caused by the position of a bead with res~iect to the diodes ,
i.e., whether the edge of the shadow occludes a diode by over 50’ or by l ess ,
and this imprecision of ± one diode is a smaller percentage of a large s nadow
than a small shadow . Once the proper m agnification is set and the optics
locked by set screws , the “calibration ” should not change barring some
drastic change to the imagin g optics. Wha t is more likely to happen is a
failure of an IC in the summing circuits and the proper functioning of the
9304 ICs on the PMS 170 and 172 cards should be verified occasionally to
assure proper sizing of drops.
8. Ta ke the p ro be to the a i rc ra f t  an d hook u p w i th the cal ib r ati on

cable with the probe inside the airc raft. Attach ore end of the
cable to the probe and the other end to the connector in the
hous i n g that the probe was remove d from .

9. Turn on the com pute r and the 1D system in  accor dance w i th th e
checklist.

10. Al l ow approximatel y 10 minute s warm up time .

11. Run a 3 minute sample on the TI printer to check for noise.

12. If the sampl e shows noise on the pr intout , the probl em should
be corre cted before comple ti n g the cal ib ra t i on chec k .

13. Start a samp l e on the TI .
14. Pour  the  100 micron glass beads through the beam and catch them

on the other s id e for reuse.
15. [n d the sample on the TI.

16. Check the TI printout for proper sizing and record re-;ults on a
cal i bra ti on form .
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~7. Start a sam -p i e on t b- T I .

18. Pour the 200 mic r - tm n glass beads throug h the beam and catch them
on the other side for sm -use.

~9 . [ i d  the sa m m mpl e on t b - -  TI .

~O. CF k the r i pr i r m t  ou t  f o —  p r o p e r si z ir m g arrd record the res tson a Cal i hr m t  on f a m i m m .

2 1. i f  i t  chec k s Oh , m e m n m s t a i l  i t  in its housing 0mm the d i r i  raft .
72. s L ’ I r r  ; m n  n i t  U r n  h - -cd ICs as rioted , coec~ p r o - em op - ra t i on

of  “ r u t s  -~~~~- or  -, - Lards ~d-tS 152 a i d m agnificat i on of optics.
Probe ‘- , h n i s d  0- - -~~~~t ~o -S on ly if local muain t i -n ance is i nc a o : L l e  of
r e ; i d i r i m m - ~ amid adjusting it. Repeat the cal ibrat ion check s ta r t i n g  —

ui th step 13.

23. c raem - d o wn  ~he syst t n- i rl g the ch e c klist.

Trs ~ cu rs - emi t cal ibm i L k - r i  d~~t u are shown in Figure 3.6.

3.8 iD Preci p itat ion P r o b e

The pr-ocedu re for this pr-obe is the same as for the 1D cloud pro be
e~cc-pt that 1 ,000 and 2,000 m ic r o n  beads are used in steps 14 and 18. The

words objective lense shou ld be substituted for zoom loose in step 22. The

cal ibration data are shown in Figure 3.7.

3.9 2D Cloud Probe

3.9 .1 ~~uipment. Calibrated gl ass beads of about 400 and ]D0Omicr-on

size are require d . A tes t ca b le  for bench opera t ion  and a ca l ib ra t ion cab le
for operation on the system while removed from the housing are required .

3 .9.2 Ca l ib ra t ion  Procedure. To perform a cal i bra t ion  chec k on the
2D c l o u d probe. (once each month)

1. Rc-;-m ove the probe from its housing.

2. Set the probe up on the bench with the test cable and allow 30
minutes warmup time .

3. Clean all optics.

4 . Cove r the laser  output and the diode array wi th black tape .
5. Check and set , if necessary , a l l  null vol tages to —0.02 to —0.03 VO C

i l S l  ny a c a l l  bra ted di g it a l vol tmsi etc r.

6. Reri ove the tape and clean the diode array .

7. Check re ference voltages for good optical ali gnment and adj us t if
necessary . Record all reference vo l tag-?s on a calibration fo rm .

I
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T I T L E  PMS CALIBRATION FOR 10 CLOUD PROBE BY PMS Hope D A T E  7707261

_ _ _  ~~~~~~~~~~~~~ 
-____

I R f  1
~ COMMENTS 

______ 

lo~ tage 1 2 3 4 5

____________  ____ 
1.9

- ~~~
--  -~~~~~~~~ - -— -—  — - — ---

~~~~~~~~~~~~~~~~~ — — —

___________________________ 1.7 _____ --____ _____ - - _____

___________________________ 1.6 0 
—~~~~~~~~~~~~ —____ ______

4 
_ _ _ _ _ _ _ _  ____  

1.5 50 
4

5 _____________ 
______ 

1. 5 112 
________

- ~~~~~~~~~~~~~~ -- -~~~~~ —-—- _ _ _  ~~~~~~~~~~-- — - - -— 4  - -  _ _ _

6 
_ _ _ _ _ _ _ _ _ _ _  ___  1 8  22 _ _ _ _  _ _ _ _  _ _ _ _ _

- - - -~~~~~~~~~ 
5 - --_ _ _ _ _  -- _ _

________________________________ 1.5 — 
2 - - - -

I I 1.7 1 _____ ____ ______

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2.2 0 0

_________________________ 2. 6 
_____ 

2 
—

___________________________________ 2 .7  
_______ 

47 
_____— -

2 _________________________________ 2.5 46
— I ~~~~~~~~

— 
~~~~~~~~~

—- ______ ----— —- - -

____________________________________ 
2.4 

_______ 
1 

_______ _______ ______

I ~~?~~~~ ___ _ _  
0 

_ _  _ _

1 I
I I 2.3 _ _ _  _ _ _  _ _ _

I -u--— _ _  _ _  _ — _ _  _

I I —--- — —- — -

~~

I ?~~~~~ _ _ _ _ --—-—- ~~~-- —  —---- -- - —

23 ___________________________________________ 1 6 
________ _______—

2 4  
_________________________________ 

1.8 
______ _____ ______ _______— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _— ----- -—-- _ _ _  _ _ _  _ _ _  _ _ _

I — __ _ _  _ _  _ —

2e Figure 3.6 An example of cal ibrat ion data from PMS for the
1DC probe. 
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H 
E~iEE~~~~~

_ 
~
“-“

~Size of parti cles us
1
ed , micr1ons 95± 15 230± 2

s~ EFFECTIVE DIODE SPACING 18.2 20.0 
______ -

“ Conimment s: Zoom ]e~nse is j~ust slig tly off lOX set ing. { - 
-
~ 2 ? 2  3?
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L ITLE PMS CALI B RATION FOR 1D PRECIP PROBE BY PMS Hope DATE 760726

_ _ _ _ _ _

_

_
_

_

_
_

_

_

Figure 3.7 An example of 1DP cal ibrat ion data from PMS probe.
30

3’
— I - _ _ _ _  _ _ _ _  _ _ _ _  _ _ _

I I — _ _  _ _  _ _

Size of particles uspd~ micr~ons 180± 15 - 1850± 150 
- _____ - -

~ EFFECTIVE DIODE SPACING 
I — ______ 

_ 194 201 
-

35 Coniiments : I I
36 —

— I I — ~~~~~~~ ———--- - - - - - - - -

37
— I ______ _______ ______ ______ ______________

~~ POM~~~ 7 6 1 2 2 2  3 7
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8. Take the pr-obe to ~he a i r c r a f t  and  h ook up with the cal ibration
cable so that the I-robe is ins ide the aircr aft. Attach one end of
the cable to the N nbc and th e  other end to the connec tor in the
housing that the probe was r- - : :rmi v e d i rom .

9 . Turn on the 2D SySt~ mn in accord a nce  w i t h  the check l is t .
10. Allow approx imate ly iü m i n u t e s  wam ~ Lup t u n e .

11. Put the 2D DAS sw i t ch es  to TEST , M A X , RUN , ALL , and L (Cloud Probe).

12. If a field pri nter plotter is v a il able , r m - snr d  the test on the
Pertec recor -der.

13. Pour 400 mimic ron glass beads throug h the Learn and catch them on the
other  s id e for reu se.

14. Put the 20 DAS swi tches to HOLD , I XPA ND and A .
15. Count each particle size on the PI[) (or the printe r p lo t ter out p u t,

if ava i lab le ) counting each dot of the pa r t i c le  top to bottom
(ver t i ca l )  and mul tiply by 40 microns . Record the counts and sizes
on a calibration fo~--1 .

16. Put 20 DAS switch to B and repeat step 15.

17. Put 2D DAS switch to C and repeat ste p 15.

18. Put 20 DAS switch to D and repeat step 15.

19. Fi gure the aver age s i ze and record on a ca l i b r at ion fo rm.
20. Repeat steps 11 throug h 19 us i n g 800 m i cron s ize  glass  bea ds.
21. Power down the system in accordance with the checklist.

22. If it checked OK reinstall the probe on the aircra ft.
23. If sizing is not correct , check I Cs as noted , check proper

opera tion of Photo detec tor Mo du les - ca rds PMS 152 an d ma gni-
fica tion of optics. Probe should be sent to PMS only if local
maintenance is incapable of repairing and adjustin g it. Repeat
the calibration check startin g with step 13.

24. If f i eld p r in te r p lot ter is a v a i l a b le red uce tape w ith expanded
• output. Fi gure the aver age particle size and record or’ a calibra —

tion form.

The curren t calibration data are shown in Figure 3.8.

3.10 2D Preçjpjtatthn Probe

The pr3cedure is the same as for the 2D cloud probe except that 1 ,600

and 3,200 micron beads are used in steps 13 and 20. Th e number of dio d es
occulted (step 15) should be multip lied by 160 rather than 40. In step 23 ,

the objectiv e- lense should be adjusted . T he cu r rent cal i bra t ion da ta are
shown in F igure 3.9. - 

-

3.11 T ime Cc de_Genera tor
The time code genera tor uses a crystal control l ed time base. It has

been adjusted at the factory to keep very accurate time and norma lly should
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operate for long periods , IIU~ h longer than the I ca r jet endur a nce , w t hout

the necessity of resetting the time .

If the unit runs consistentl y fast or slow it can be regul a ted in the

s ame ~.anner as a fine watch or cloc k. Pernove toe two screws holding ihe un it

to the cabinet frame and s l ide it forward appr ox i r.~tely 10 inches . Near

the rear ri ght corner of the chassis on the crystal oscillator P .C. P-oard

assembly is located a small tri m nun er capacit or with the letter S in front

and F to the rear of the tri- -:~er . Rota te the tri rm jm: er with a n~:ll screw-

driver to move the yellow dot toward the le t ter  S if the cloc k runs fast , or
tc- -ards the letter F , if it runs slow . Caution — M a k e  only a very sr - a l l
adjustment , then check the clock again for a period long enough to dete nm - ine

the effect of the adjus tment.

3.12 VCO_C a l i b rat i on Pro cedur es
Both the BMS and the DAS use VCO type A-D converters in the analog

input channels. The procedures described in earlier sections incl ude the

VCO ’ s as part of the system calibrated . However- , non linearities and

i nconsistencies from the BMS to the DAS can and do occur if the VCO ’s a re
not separately calibrated .

3.12.1 ~ufpme nt . This procedure requires a variable 0—10 VOC

power supply wi th less than 1 my of ripple and a di g i tal vol t mmr eter w i th  a
current calibration tracedb le to the National Boreau of Standards . The

memo in F i gure 3.10 illustrates one way to achieve a NBS traceable cali-

bration standard for field use .

3.12.2 Calibration Procedure. (one month intervals) The VCO ’s in

the BMS and DAS should be calibra ted using the following steps :

1. Power up the BMS and DAS in accordance with t h e  cheHl ist. ~-llo w
at  l eas t  10 m : inutes war - rum p time .

2. Connec t the variable power supp ly and the calibrated dig i~ al
vol tmeter to Ji of the junct ion box which is locate r c L o v e the
TI printer.

3. t-ionitor the pressure channels on the BMS and DAS.

4 . Set the power supp ly to zero vol ts and r ecord the B~- - , HAS a-H
DVM read i n gs.
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HAWADS MEMO FOR THE RECORD

SUBJECT : Cal ib rat i on of Aerome t Dana DVM
BY: Harol d Bowles

DATE : 12 December , 1976

The NASA Wallo ps Instrumentation Calibration Laboratory was
kind enough to let us use their facilities to calibrate our Dana
DVM on 761210.

The Lab uses a Biddle—Gray standard cell from the National
Bureau of Standards and the fol l owing equipment to arri ve at a
vol ta ge stan dar d for ca l i brat i ng other i ns trumen ts:

1. Fluke  Model 75OA reference di v id er
2. F l u k e  Mode l 4 12B vol t age su pp ly
3. Fluke  Model 845AB hi gh i mpedance vol tme ter an d

null detector
4. Fl uke Model 5200A program AC calibrator
5. Fluke Mode l 52O5A precision power amplifier

This equipment is used at six month intervals to calibrate a
Fluke Model 885A differen tial AC/DC vol tmeter to an accuracy of
better than 100 microvolts .

We used an HP Model 6920B meter calibrat or as the voltage
source . The voltage source was simultaneously read on the Fluke
885A and our Dana DVM with the followinq resul ts.

FLUKE 885A DANA METER
.99930 VDC .999 VDC
.25000 .250
.49600 .495
.74700 .746
1.00085 1.000
1.24700 1.247
1.49950 1.499
1.7506 5 1 .750
1.99775 1.998
2. 50700 2 .50
3.00200 3.00

Figure  3.10 A vo l tage  cal i bra tion proc edure for the OV M t be
used in the VCO calibration .
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FLUKE 885A DAN A M ETER

3.50550 3 .50
4.00200 4. 00
4 .50500 4 .50
5.00660 5.00
5.50247 5.50
6.00360 6 .00
7.00460 7.00
8.00263 8.00
9. 00655 9. 00
10.00255 10.00

These resu l t s  i ndic ate that our DVM is accurate to wi th in 1 v .
S i nce no adjustme nt has been made s i nce it was purc h ase d ove r one
yea r  ago , we mus t also conclu de tha t the DVM cal ib ra ti on i s s ta b le .

I conc lu de tha t th e Dana DVM can safel y be use d as th e standard
for  cal ib ra t in g the VCO ’ s in the BMS and the DAS .

Figure 3.10 (continued)
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5. Repeat s 1~ p 4 , incr~ ,~ : t i  ng the refe rence vo lt ige in ~) . 5 VDC
ste ps to 6 VDC .

6. Rt~~i’at ~ te p ’~ 2 th~ 5 fu~ J~’ (dif fer t i t i a l  r u r e ) .

1. i~~~~~d t ~ ~~~ :‘ t O ; ;;  Ii u f nr 33 (t  f ,

8. ‘~~~~i t S tep~ ~ ti ,
~~h 5 ft r ~ (o r ~~ in t )

9 :~~) , t~ s t ;’ ~ t’~ro uh 5 for 35 (~ c).
10. 

~
‘
~;Hy 

d y  ~~~~ s~ ry L U  r~ t ions 10 the ~~ ~ui~~~ to i t  the
acc~ i~te vc , l t~~:es ~p;l ied .

11. Plot Lhe t r u e  vo l t cue s  ve rsu u toe h~~~ and DAS e~ 1inq s . De~e rr;ine
any offset , nonl I ru~ ri ty or sca le  fac tor e rro rs .

12. Adjust the V~0’ s accordi ig to instruct ions in the Vendor 0df luC l .
13. t~~~ed t  toe L:nti re calibrat ion proLed u r e for any vari ri . hle on v r i c h

U ’y adj ~s tr ~nt. is o~de.

Curre nt oMS and DAS cal iLra tion d d t à  ure shown in Figure 3.11.

3.13 [:ata Procc ’,si ty~ t r ~~± ro~~~ Jce

lhe computer ~enu~acturer furr il s ;es a di~i grus t i c routine (QCD) whict

tests the computer rd nfr~ me , r onlory and I/O i r~~e r f a c e s to the printer , ~o ’ L u~ rc

and paper tape reader und pr ints the resu lts  or; the Ti pr inter . The cor p u t e r

plotter interface is vorified ~y a papu r tape rogra :r ; ca l led CUBE . It cor-

structs a cube on the p lotter if all co :nponents ore correct . The details of

these and other fr (ocedure s are given in the venoor ;~ anua ls.

3.14 Forrnvar Rc~lica tor Ca l ib rat ~on Procedure

T~e Forrvd r rep lic ato r sro~ ld cc run to verif y ;e :hanical operation

and the film should be vis ually ir upe cte d for unif or ;city of ccac~ng .

3. 15 Tirn e-L~~~e C ~ ~ra [Ui ibrat ~ u n P r c c o c ~~re

T he cac!nra sys t m ~~~~~ ue rutr J ~i th d i f f e r  e r t  focus , a p e r t u r e ,

and film s need u selected . A t  t r  develo~ uert , the f i lm should be chec Ked for

proper t i re-encod ing o r d  (
~~~Oeu re a r id to ascert ain the pro per ‘ ens set t ing

for the ~rL~ent 1 i g rt coon t ions .  F i lm  f ramin , ra te  is ma nu a l  y ad~ ust :~ble

from v ery s low speed (used for obj ts of only Urr :ra] interest) to u:pro~ —

irnatc-iy 1 PPS (used d uring mission date-recording runs . )

3.16 A1 P/ T u n s n u t L r  Ca l ib ra t ion  Procedure
1. The +l5vdc power supp ly o t : U t  s no u la  La rneasur~ d per iod i cu i l y

per the preventiv e m ain t cr~ nce schedu le.
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Figure 3 .11 Dev iation of BMS and DAS from calibra ted i npu t signal.
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2. h it ’ 11) I)rol)e ( IRI el t i i eti I d i ~ play r~ qu I res no cal l bra t Ion . Mon i tori fltJ
proper illum ination ol a l l  di g it segments is sufficient. h owever ,
the vol tage numbers disp layed should be checked for dyreement
wi th the actual end-element vol tages measured during the 1D probe
procedure.

3.17 Project Communication System
1. The intercom and audio recording system can be functionally

checked for proper operation by recording the intercom and
radio audio , and the time-of-day code on their respective tape
recorder channels. The recorder ’s VU meter should be monitored
to verify proper modulation and audio l evels. The tape should
then be pl ayed back and each channel monitored , in turn , via
the built -in speaker . The time-code channel can also be listened
to but the digital time-code on the tape will not provide an
intelligible assurance of correct serial time-code.

2. The project UHF and VHF radios should be functionally checked by
communicating with a nearby ground-station. Proper calibration
of these radios , however , can only be done by an FAA approved
radio repair facility .

3.18 Power Distribution System Calibration Procedure

No calibration procedures for the aircraft AC and DC generators or
the 6C Hz inverters are available . However , proper operation of the auto-
matic generator-fail shut-down swi tching should be verified .
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4.0 OPERATIONAL PROCEDURES

This chapter gives rec ommended operation procedures for the HAWADS .
The procedures are divided into functional phases and formalized into
detailed check lists . Using these checklists , a knowl edgeable but untrained
c rew member can opera te the system successful ly. The ful l checklist should
be used , even by experienced crew members to avoid erro rs . The following
sections give the procedures for prefligh t, flight and pos t fl ight activi ties.

4.1 Preflight Procedures
The prefl ight procedures should be completed when a scientific flight

is anticipated wi thin a few hours . At the conclusion , the system should be
ready to fly on very short notice .

4.1.1 Supplies Check. The ai rcraft should be checked to be sure the
following suppl ies are aboard:

1. Computer tapes — 15 ea.
2. Audio tapes — 2 ea.
3. Formvar mix rea dy .
4. Film , Polaroid 5 x 70 - 3 boxes .
5. Film , 16 mm — 2 rolls .
6. Film , 35 m — 2 rolls .
7. Calcomp paper — 1 roll.
8. Cal comp pen - 1 ea.
9. TI paper - 1 roll.

10. Computer program tape for each program to be used.
11. Fuses - 1 box of each 1, 2, 3, 5, 10, 15, 20 amp .
12. Fl ight note forms~
13. Note pads .
14. Pencils.
15. Polaroid Came ra .
16. 35 mm camera .
17. 16 mm magazine loaded and one spare .
18. Flashlights with spare batteries — 2 ea.
19. 3 headsets wi th boom mi kes .
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20. Firs t aid kit.

21. Masking tape .

22. Scissors.

4.1.2 Power up and Systems Check Sequence. The HAWADS should be
powered up to check it for proper operation using an auxiliary power unit .
CAUTION ! To prevent damage to aircraft batteries , always disconnect them
as scan as the ground power unit is on line . The only time the batteries
shoul d be connected is to lock or unlock the aircraft and to get the ground
power unit on line. Leaving the batteri es connected while operating the
ground power unit will cause the batteries to overcharge and boil and
possibly ruin the battery completely.

The following procedures should be followed to power the HAWADS up,
check the deicing circuits , and do a systems check. The deicing heaters
should be checked by having one person hold his hand on the heated surface
while another operates the switches.

POWER UP SE QUENCE

1. All power panel switches off.
2. All circuit breakers pull ed except two marked main
3. J — W o f f .
4. Dewpoint  off
5. GPU switch in ful l up position.
6. Check white headed circuit breakers in cockpit pulled
7. Check four toggle switches on copiloVs circuit breaker

panel up on position . (Controls power to system power panel)
8. A/C battery and inverter switches off.
9. Power up ground power unit and connect to airc raft.
10. Turn both A/C battery switches on.
11. Disconnect both batteries in tail .
12. Left DC on

DEICE SYSTEMS CHECK (two persons requi red)
CAUTION : Ground heater on-time should be an absol ute mini mumto avoid component damage.

13. 2D cloud deice on --(Check)-- off.
14. Snow stick deice on “
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15. Rosemont deice on --(Check)-- off.
16. ID cloo ’ “ “

17. 1D precip “ “

18. J-W “ (400 Hz J-W power must be on)

19. ASP deice “ ‘I (Control box deice switch mus t be
20. Formvar deice “

21. 2D preci p deice on “

SYS TEMS CHECK

22. Both A/C inverters on (cockpit) .
23. Left 400 Hz AC on .
24 . TLC on .
25 . ASP on .
26. Rig ht 400 Hz on.

27. 2DC on .
28. 2DP on .
29. Left DC on .
30. Ri ght DC on .
31. UHF on .
32 . TCG on~
33. Beacon on . Check light on in hell hole .
34. Beacon off.
35. SS on.
36. A lP on.
37. SP1/temp on.
38. Topaz #1 breaker in.
39 . Topaz #2
40. Topaz #3 “

41. Check all remaining swi tches this row down.
42. Stanc h —Hoffm a n on , check clock on and co unting.
43. Dewpoin.t on.
44. BMS on .
45. Kennedy on.
46. Kennedy load on.

47. When ready li ght comes on on Kennedy , press record switcn on BMS.
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48. Pertec formatter on.
49. Pertec recorder on.
50. DAS on.
51. PID scope on.

52. Press load switch on Pertec (it will take up slack).

53. Press loa d again , and it will advance to ma rker, then press
on line.

54. Press record on DAS .

55. 2D DAS clock to test.
56. 2D DAS rate to max .
57. 15v supply on (2nd switch on AC strip #3).

58. Turn on 1st switc h on AC stri p # 3 . ( check run light on and
plotter starts in forward direction).

Note:system should be up and operating at this point , and
you are now ready to check for proper operat ion of entire
system.

59. Enter 0 through 9 on TI keyboard and check corresponding
print on Calcomp.

60. Enter S on TI keyboard to start sample.
61. Wait 3 minutes.
62. Enter E on TI keyboard to end sample .
63. After printout is completed check printout for indications

of data from probes.
64. Enter S on TI keyboard to start sample .
65. Spray water on the 1DC , 1DP , and ASP probes.

NOTE : When testing probes , verify that the optics are clear
and the laser is functioning properly .

66. Enter E on TI keyboard to end sample.
67. Observe printout and Calcomp to make sure probes are putting

out data.
68. Check the time lapse camera aperture and focus. Push the

TLC circ ui t breaker in , check the time lapse camera for
proper operation .

69. Pull the TLC circuit breaker.
70. Turn off the TLC toggle switch .
71. Turn the dewpoint to test, observe the data on the 8115.

It should be increasing . After the needle on the dewpoint
stabilizes , adjust the needle to center.
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72. Turn the dewpoirt to opera te. Observe the BMS for decrease;
the needle on the dewpoint shoul d center after a few seconds.

73. Check the BMS and the DAS channels for proper content (Ref.
Section 4.3).

74. Put the DAS swi tch on cloud probe.

NOTE : When testi ng the probes , ver ify that  the optics are
clear and the laser is operating properly.

75. Spray the cloud probe with wa ter and check the PID scope for
data .

76. Put the DAS switch on precipitation probe.
77. Spray the preci pitation probe wi th water and check the PID

scope for data.
78. Press forward and record switches on the Stancil—Hoffman .
79. Talk into the intercom and check the VU meter for a proper

indication .
80. Perform a radio check on the project UHF or VHF radio and

observe VU meter for indication .

NOTE: Due to antenna set up you can only have UHF or VHF for
the mission but not both . To swi tch from one to the other
requires changing the antenna and the co-ax jumper arrangement
on the aft side of cabi net #1. -

81. Push in Formva r circuit breaker.
82. On Formvar contro l head , turn on power.
83. Reset the footage counter.
84. Turn on the tape dri ve.
85. Press the over-ride switch to take up slack and start running .
86. Turn off the tape dri ve , Formvar should stop but it should

maintain tension on Mylar.
87. Turn off the power switch on the control head.
88. Pul l the Formvar ci rcui t breaker.

4.1.3 Power Down Sequence. After all systems checks are complete the
following procedure should be followed to power down the system.

1. Turn off the 1st and 2nd switches on AC stri p #3.
2. Press the stop switch on the Kennedy.
3. After the record li ght stops flashing, press the rewind switch .
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4. Turn off the Kennedy .

5. Turn off the E3MS .

6. Turn off the dewpoint .
7. Turn off the Stanci l— Floff man.
8. Turn off the UHF or VHF radio.
9. Turn off the PID .
10. Press the stop switch on the DAS.

11. Press the rewind switch on the Pertec recorder.

12. Pertec recorder off.

13. Pertec formatter off.
14. Pull the circuit breakers for Topaz 1, 2 , 3.
15. Turn off all togg le switches on the power panel .
16. Put GPU switch in full, down position.

17. Turn off batte ry, and inverter switches in the cockpit .
18. Turn GPU off and disconnect it from the ai rcraft.
19. Re-connect one battery if the door is to be locked , and disconnect

again.

4.2 Flight Checklist
The following are a list of procedures to be followed for pre-eng ine

start, pre—takeoff and post takeoff phases of a research mission .

4.2.1 Pre-engine Start. The following are final checks to complete
before the eng ines are started .

1. Formvar loaded .
2. Time lapse camera loaded .
3. Kennedy loa ded .
4. Pertec loaded .
5. Stancil-Hoffman loaded.
6. Calcomp loaded , check pen.
7. TI loaded .
8. Clear l oose objects , trash .
9. Remove probe covers , secure .
10. Check all power panel switches off and circuit breakers

pulled except two marked main.
11. GPU/fli ght switc h — flight position (full down).
12. Switch time code generator on batt position and set time .
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4.2.2 Pre-Takeoff. After the eng ines are started and the Leariet

crew verifies that the generator check is compl ete, the following sequence

should be followed to bring the HAWA DS on line.

1. LAC buss on - press reset - li ght on.

2. TLC on.

3. ASP on.

4. RAC buss on - press reset - lig ht on .

5. 201 on.
6. 2D2 on.

7. Veri fy that the generator failure override switch is down.

8. LDC buss on - press reset - lig ht on.

9. Topaz 3 breaker in.

10. FR/SP1 breaker in.

11. TLC breaker in.

12. Check all remaining toggle switches in this row down .

13. RDC buss on - press reset - light on.

14. Topaz 1 breaker in.
15. Topaz 2 breaker in.
16. UHF switch on.
17. TCG switch on .
18. Beacon switch on if required.
19. SS switch off.
20. AlP switch on.
21. SP1 temp switch on.
22. Remaining switches in this row down .

NOTE : Starting at the fo rwa rd part of the cabin:

23. Dewpoint  on .
24. Veri fy J-W off.
25. Stanci l-Hoffma n on , forward and record - check channels 1, 2 ,

and 3 for VU reading.
26. Verify ASP power li ght on.
27. BMS on.
28. Kennedy power on.
29. Press the load switch on the Kennedy .
30. PID power on.
31. DAS power on.
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32. Formatter power on.

• 33. Pertec power on - check 3rd light form bottom on .
34. Press load , veri fy write/enabl e, press load again .
35. Check Kennedy ready , l i ght on .
36. Press record on BMS .
37. Check Pertec load light on.
38. Press on li ne - check on line li ght on.
39. Press DAS record.
40. Check BMS record li ght fl ashin g.
41. Check DAS record ligh t on.

42. Toggle sv~i tch on Transmuter up - check li ght on .
43. Verify plotte r power light on .

44. Verify printer power li ght on.
45. 15v plotter supply on.
46. Ver ify all devices except computer and paper tape reader on .

* NOTE: This section may change depending on which real-time
program is in use. Refer to the computer information
section.

47. Turn computer AC switch on. Verify run light on. Others
may also be on.

NOTE : If the plotter feeds paper backwards , turn ~ff computerAC power.

NOTE: Plotter should feed forward , move the pen to t he r i g h t ,
then start plotting.

48. Verify that plotter is plotting within approximately 30 seconds.
49. On the printer, type 1, S. wait 10 seconds .
50. Type E, printe r should start printing out.
51. Check intercom - If above completed OK , system is go.
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4.2.3 After Takeoff. The m i  I ow ug sequence should he comp leted as

quickly as feasible dfter t~ k eot 1.

1. Note the t a k t u i  I t i i i e .

2 . J-W on .
3. Deice switches on , prior to first cloud entry or freezing

1 e v~ 1.
4. For-mva r on and reset footage counter .

5. Ver ify ASP deice li gh t on.
6. Open Formvar cabin vent .

7. Take up the slack on the Mylar and check feed .

8. Close the Formvar cover and secure it.

9. Chec k BMS all channels .
10. Check DAS all channels .
11. Check 10 end element vol tages.
12. Check 20 end element vol tages.
13. Opera te the sys tem as requi red .

14. Continually moni tor all un i ts for p roper operat i on.
NOTE: Jf t~~p lo tter sto ps for lon ger than 30 secon ds , the computer
has probably blown its prograni Check the condition of all
equ i pment and execute the program load checklist.(Section 4.2.5)

a. Run samp les accor d ing to the flight p lan.
b. Check systems operating properly.

c. Check all BMS and DAS channels from time to time .

d. Mon itor the end el ement voltages frequently.

e. Monitor the 20 probe tips for laser lig ht (when dark).

f. Mon itor the 2D probes and wings for ice.

15. On final approach to lan ding

a. J-W off.
b. All deice switches off if outside tempe rature is above

freezing.

4 .2.4 Afte r Landing. The following is the sequence to power down the
HAWADS after the aircraft has touched down .

1. Wait until printer completes printout .
2. Turn the computer AC power off.
3. Press BMS stop.
4. Press DAS stop.
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5. Wait until the record li ght stops fla~hing.

6. Veri fy DAS re cord ii j ht out .
7. Ver ify all deice swi tches off .
8. Dewpoint off.

9 . Veri fy J-W off.
10. Press f i le gap on Kennedy - wa i t  for tape to s top.
11. Press the rewind sw it ch ,on Kenne dy.

12. Press the Pertec on line switch and the verify lig ht out.

13. Press the rewind swi tch on the Pertec.
14. Verify the Kennedy load forward lig ht out.
15. Kenne dy of f. .

16. BMS off .
17. Ver i fy the Pertec loa d light on.
18. If removing the tape , press rewind , i f not , go- to 20.
19. Wait for tape notion to stop.

20. Press the power switch on the Pertec and verify the light out.

21. Formatter off .
22 . DAS of f.
23. PL O off.
24. 15V plotter supp ly off.
25. ASP off.

26. TLC off .
27 . LAC buss off.
28. 2DP off.
29 . 2DC off.
30. RAC bus s off .
31. Veri fy all toggle swItches in second row down (off).

32. TLC breaker out.

33. FR/SP 1 breaker out .
34. Topaz 3 breaker out .

35. Verify main breaker in .

36. LDC buss off .
37. All togg le sw i tches i n third row off right to left until

reach i ng the UHF.
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38. Verif y the tim e code generator battery switch to off.

39. Leave t h e  UHF sw it ch on as long as intercom is desired .
40. Topaz 2 breaker out.

41. Verify main breaker in .
42 . When finished with the intercom , do the following :

a. Stancil -Hoffma n - rewind .
b. Wait  for the tape to stop then power off .

43. UHF toggle switch on , power panel off .
44 . Topaz 1 breaker out .

45 . RDC buss off.

46 , Unload all ta pes , collect all printer/plotter data .

47 . Reload as necessary for next mission .

4.2.5 Program Reload. The following is the procedure to follow to
re load a program from paper tape .

1. PID power off .
2. Computer power off.
3. Pl ug in the paper tape unit in pl ace of PID pl ug on AC box

#2.
4. Unpl ug the plotter cable (back of computer) and plug in the

paper tape cab le.
5. Carry out the power up sequence to the point of turning on

the computer.

6. Touch the following touch sensitive switches :
a. clear.
b. S-reg/data.

c. 0001
d. sense.

7. Load the tape into the reader , turn on the reading ligh t .
8. Touch the following touch sensitive switches

a. reset.
b. stop.
c. auto.

9. After the tape is loaded , the printer s hould type “ZBG” .
10. Computer power off.
11. Rewind the paper tape.
12. Reader power off.
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4 .2 .6 Recoverj Procedures for the Real-Time ~~~~~~ J f the compute r
program should stop or lock-out the keyboard , a restart can be attempted by
turning off the computer a-c power , and then cyclin g the computer on again
after waiting about 3 seconds .

If the program still does not run properly, try the fol l owing recovery
procedure at the computer console:

1. Press stop (verify STOP lamp is on).
2. Press reset (verify RESET lamp is flashing).
3. Press P (verify P lamp is on).
4. Press clear (data register l amps should be out).
5. Press 0, 1, 2, 6 (verify data register is set to 0126).
6. Press read/write (veri fy WRITE lamp on).
7. Press P (P lamp remains on).
8. Press read/write (WRITE lamp goes out).
9. Press stop (verify STOP lamp goes out).

10. Press run (verify RUN l amp comes on).
The plotter should feed and begin plotting within 30 seconds. If the plotter
feeds backwa rds , press STOP and repeat steps 6 th rough 10 above.

If the program still does not operate properly, it must be reloaded from
paper tape per the procedure in Section 4.2.5.

• 4.2.7 Operating Procedure for the Real Time Program (AMET3).
1. Load the program from paper tape per the pape r tape program

reload checklist (Section 4.2.5).
When the computer is powered up, the program will start
running. If the plotter does not start , check for BMS
power on (both 28VDC and 115 VAC , 60 Hz).

NOTE: Computer power may be turned off anytime without
destroying the program stored in memory except before the
orinter has completed outputting the entire data block .

2. The TI keyboard key assignments presently defined are :
B - prints the BMS input buffer contents
0 - Enters the date by depressing numerals in the order:

VY MM DO (NOTE : the oper a tor must  wa it for an
acknowledgement between di gits) .
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E - end cloud saiiiple period and begin data output to printer
H - followed by an “S” or 11L1’ enables the title mode which

includes printing the Lear 36 title at head of data block
(selecting H again deletes titl e mode)

L - outputs Date, Time , lAS , Al titude , Temp., and Dewpoint
R — p rints contents of error registe rs
S - starts/res tarts cloud sample period
Z - enters Debug routine (~BG)
A , C, F, G , M , T, or X - used in simulator mode (Section 4.2.8)

0-9 - select appropriate crystal type (unless following a “U” )

The crysta l type numbers are defined as follows :

Keyboard input and
plotter output Crystal type Printer Output

0 Rain RN
1 Wet snow WS
2 La rge snow LS
3 Small snow SS
4 Bullet rosettes BR
5 Co l umns CL

6 Needles NE

7 RMC-1 Ri

8 RMC-2 R2

9 zero all probe count values (Blank)

3. Uormal in—fl i ght operation uses keys S, E, L, and 0 through 9
repeatedly.. H and U modes are us ually selected only once per
fli ght.

4. The remaining keys are avai lable to faci l i tate equipment
troubleshooting and program debugg in g.

4.2.8 Oper’ating_Procedure usin g the BMS Simulator _Pr~~ram (SMIJLAT) .
1. To act i vate the simulator mo de , wh ile the real time program

is running, select either an “A” , “F” , or ‘M’ key on the
TI keyboa rd to set up the init ial conditions , fol lowed by
a “1” to begin the simulati on and start the E - imu lator Time —
of-Day and Elapsed -Time cl ocks. The BMS equipmen t may be
t~irgi~d on or of f , but its input data cable ‘inst be connecte d
at the computer .
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2. Once simulation has begun , additional keys can be selected
to control the program operation .

3. Keys defined in program ‘SMULAT ’ are :

A - automatically increments probe counts every second . A
complete simulation of cloud profile probe data takes
14 minutes . Note that the program wil l continue to
simulate indefinitely until deselected .

M - allows manual contro l of probe values (and clears input
data to zero ) by enabling keys “F” , “C” , “F” , and “X ” .
NOTE : Th is does not reset the simulator clock.

F - sets probe values to a maximum (9999).

C - sets a linearly decreasing count in channels 1 through 15
wh ich is increased linearly each time “C” is reselected .

G - steps between three diffe rent values for P, AP , TT, and Td
data corresponding to sea level , norma l fl i ght altitude ,
and maximum fl ight altitude.

X — sets the simulator probe val ues to zero.

4. To exit the sijnulator arid return to the real time program,
select “T” again. The printer will execute a carriage return
and l i n e  feed . This also clears all simulator control settings.

NOTE : If “1” is se lected prior to a valid initial-condition
key (“A”, “F” , or “M”), an error message will be printed and

— the key will be ignored.

If the program is in the simul ator mode when power is turned
off, it will remain in simulator mode when power is restored.
The operator must then select return to real time mode.

~ I
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4 .3 Data Acquisition Channel Assiq~iments

The data displayed for each variable should be moni tored from time
to time , as described in Section 4.2.3. The following is a listing of the
current data channel ass i gnments for each vari able on the BMS.

TABLE 411 BMS CHANNEL ASSIGNMENTS

PROBE CHANNEL REMARK

1 0 Formvar footage
1 1 thru 15 Data counts

2 0 9333
2 1 thru 15 Data counts
3 0 Elapsed time
3 1 thru 15 Data counts

AUX DATA 0 8192
1 Pressure (P)
2 Di ffe rential Pressure (~P)

“ 3 Temperature (Rosemont) (T)
“ “ 4 Dewpoint (Td )

5 Liquid water content (J—W) (LWC)
“ “ 6 Analog spare

7 TWCI refe rence freq.
8 TWCI sense freq.

H 9 TWCI

10 Minutes and seconds .
“ 11 Hours

12 Spa re

13 Spare
14 TWCI temp

“ 15 NCI temp

I
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The following is a corresponding listing for the DAS.

TABLE 4.2 DAS CHANNEL ASSI(NIIENTS

SIZE WORD SUB COM REMARKS
O 0 0 Spare/seconds x 10 K
O 0 1 2DC overload percentage
O 0 2 2DC end element #1
O 0 3 2DC end element #32
O 0 4 -  2DC -15v DC supply
0 0 5 2DC -12v DC supply
0 0 6 2DC +5v DC A supply
0 0 7 20C +5v DC B supply
0 0 8 2DC +15v DC supply
O 0 9 2DC Temperature

-
~~~~ 0 1 0 S e c o n d s x l

0 1 1 2DP overload percentage
0 1 2 20P end el ement #1
0 1 3 2DP end element #32
0 1 4 21W -iSv DC supply
0 1 5 

- 21W -12v DC supply
0 1 6 2DP +5v DC A supply
0 1 7 2DP +5v DC B suppl y
O 1 8 2DP +15v DC supply
0 1 9 2DP Temperature
0 2 0 Spare /Hours
O 2 1 2DC Total count
0 3 0 Minutes and seconds
0 3 1 2DP Total count
0 4 0 Pressure (P)
0 5 - 0 Di fferential Pressure ( iSP )
0 6 0 Temperature (T)
O 7 0 Dewpoint Temperature (Td)
O 8 0 Liquid wa ter content ( LWC)

-104-

1w.-

r ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



4.4 Ground SiI~j)Ort ~y~~
( iiiS

ru e printer p l o t t e r - and ~~~~~~ H -y Hck  unit ~re available for
ininw ’d i ate p ‘cess I rig of vii ss i wi t . he d~ ta handling is ill ustrated
n the bl ock ii ici y i - ,iiu I ri ig~ r e 4 .1. Ne f 0] 1 owing are instructions to

operate the ground support eq ui ~~ - ~ri t .

4.4.1 Printer Plotter . To p roduce a hard copy of the 2D record
proceed according to the fo l lowing .

1. Load the tapes from the 2D system onto the tape transport
w ith the file protect ring reiiioved .

2. Place the sw itc hes on the i n terface panel  i n the f o l l o w i n g
pos i t ions :

a. Forwa rd/reverse; forward

b. Read/stop; read
c. Copy/off; copy (unless it is desired to seek a known

time section for copying)

d . Ima ges /bo th/slow data ; as des i red

e. Image size ; as des ired.
3. Place the roll/fanfold toggle on the printer plotter sub-

panel behind the front door in the appropriate position.
4. Switch on power to the PMS interface , printer plotter , tape

transport and forma t ter.
5. P~ ss the “ load” button on the tape transpo rt to energ ize

the ta pe tension system. Press it again and the tape wil l
move to the load point and the load lamp will light.

6 . P~’ess “on line ” button on the tape transport to beg i n
operat i on. The printer- plotter will start gurgling and
after a few seconds the tape w ill start and be cop ied onto
the printer -plotter. The decima l display will indicate the
four most si gnificant digits of the time work recorded at
the Ie~irning of each tape record. If known sections of
the data are desi red , place the “copy/off” switch in the
off position until the desired ti me is reached .

7. To copy a section already past on the tape , switch to
reverse and copy off to move the tape backwards. The
decima l display does not read correctly in reverse , so
switch to forward to see where the tape is.
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Fl9ure 4.1 Bloc k diagram , ground support equ i pment.
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8. To discon tinue opera t ion , swi tch the “read/stop ” togg le to
s top. The operation wil l s top after the ci~rrent record .
To res ume , switch to the read position and cycle the
“on line” button on the tape transport. Operat ion is
a lways initiated by an “off li ne ” to “on line ” change on
the tape transport , provided the “read/stop” toggle is in
the read pos ition. If the tape is at the l oad point and
reverse is selected on the “fo rward/ revers e” toggle , the
system will not operate until fo rward is selec ted . This
prevents inadvertent unloading of the tape .
NOTE : The tape does not automatically stop at the end-
of-tape occurs , so the operator mus t be alert when the
tape nears this point.
Whenever the end of data on tape is passed , the tape wi l l
run continuously and switching the read/stop toggle to the
stop positi on will do nothing. At this point , the operator
must take the tape transport off line (by pressing the on
line button ) and press the rewind button to reverse the
tape. Further operation will not be possible until the tape
stops at load point.

9. To unload a tape from the transport , take the transport
off line and press the rewind button . If the tape is at
load point , it will run off the take—up reel . If not , i t
will stop at load point and the rewind button must be
pressed again to unl oad .

4.4.2 Audio Tape Playback Procedure. To transcribe an audio tape
from the HAWADS , proceed as follows:

1. Turn the power on.
2. Load the tape on the left turntable so the tape will come

off coun terclockwise .
3. Unwind about 3 ft of tape and thread it fol lowing the tape

path indicated by lines . The oxide- (du ll) side of the tape
must be up toward the heads.
NOTE : the wheel s wil l be hard to rotate with brakes applied.

4. Secure the tape on the takeup reel by winding several turns
(counterclockwise) . Take up all slack in the tape . Be
sure the threading is proper and the tape is not twisted .

5. Press the fo rwa rd button ; the tape should start moving at
normal speed . The recorded time should appear in the t ime
reader displ ay.

6. Select the channels and audio levels des ired for the three
audio tracks .
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7. To rove the tape fo rward or ti~ickwa rd at high s peed , press
the i;~nual search swi tch  and rotate the manual sea rch knob
as decired . The ti me wi l l  be di splayed correc tly i n e i ther
direction. When approaching the des i red t i me , rota te the
control knot) to the zero position to slow the tape . Press
the stop switch to s top the tape.

8. To wove the tape bdckwa rds a small amount , press the stop
swi  tch and wind the supply reel backwa rds manua lly. The
audio w i l l  be heard and w i l l , with practice , signal where
to s top  the tape .

9. If you w ish  to audibly monitor the fast forward or reverse
motion , press the cue button .
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5 .0 MAINJE ~ANCE

5.1 Mai ntenance Procedures

The procedures described above are desi gned to reveal any cal ib ra ti on
or operational problems in the IIAWADS . If such faul ts are discovered , the

appropriate vendor manual sr u l d be consulted . Table 5.1 gives a listing

of the recommende d docu~er tat ion for troubleshooting and maintenance .

5 .2 ~pares

Because of the sites for HAWADS ope rations are usually remote , it

i s recommen ded that the most commonly used spares be kept wi th the system .

The recommended spares l ists are given in Table 5. 2.
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Table 5.1 L i s t  of Recom mended Ve ndor Documentation

(‘o upu ter Au tomat ion I i i i . . , I ~~~ Von i r n -  r i , Irvi n e , CA ¶)?h64

a. Naked mini I Si ~~~ n i s  ui iput er h r ,dt ’~ok
b. [SI software manual
c. 16 bit input/outpu t - udul e , nud e ] 13?13-O0
d. Utility module , model 14223-00
e. Paper tape reader interface manual , no. 91-50223-IIAO

2. Par t ic le  Measuring Systems , Inc.,  1855 South 57th Court , Boulder , CO 80301

a. Da ta acquis i t ion system DAS-2D
b. 2D opt ica l  array spectrometer probe , OAP-2 D-C
c. 20 opt ica l  array spectror iieter probe , OAP-2 0-P
d. Particle sizing spectrometer system

3. Texas Instruments Inc., Digita l Systems D iv . ,  PU Box 1444 , Houston , TX 77001
a. O~erating instructions manual , si lent 700 electronic data terminal s ,

model 733 ASR/RSR manual no. 959227-9701 , revised Dec., 1975.
b. Maintenance manual , manual no. 960129-9701 , revision D , revise d

1 Nov.,  19/5

4. Meteorology Research , JOC . , P.O. fox 637, Al tadena , CA 91001

a. Airborne continuous particle sampler manual

5. Pertec , Peripheral Equipment D iv . ,  9600 Irondale Ave. , Chatsworth , CA 91311
a. Tape tr a ns por t opera t ion and mai n tenance manual , Model 76409 ,

serial 350-406-057
h. Phase encoded formatter operation and maintenance manual , model

F649-4O , serial 350-707-067

6. Topa z Electronics , Inc ., 3855 Ruff in Road , San Diego , CA )2123

~ . Static i nv erter opera ti on and instruct i on manual , W series , model
1000 6W-?~-6O- 115 , part 9090

b. Static inverter operation and instructic - n manual , Z series , model
1000GZ-28-60-115 , part 5322

7. EG&G , Environmental Equi pment Division , 151 Bear H i l l  Roao , Walt ham , MA
02154

~ . Instruction manual , model 13 7-C3
8. Cal i forn ia Computer Products , Inc., 244 LaRoma , Anaheim , (A 92801

a . Technical manual , Calcomp pen and paper users guide , part number
10118-901-003-2

b. Technical manual , model 565 digital incrementa l plotter , part number
100 18-901-003-1

9 Stancil-Hoffma n Corporation , 921 N. Highland Ave. , Hollywood , CA 90038
a. Mult ichanne l recorder-reproducer , model CRM 7/ 14/28 series
b. Operat ion and maintenan ce instructions , dig i t i m e
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10. Exce llo Corporation , Remex D iv is or , 1733 Al ton St . ,  Santa A n na , CA 92705

a. Technical munual , tape reader , model s RR-6300 BAX/66X , RR -6300 BBX / 661
and TRM -3 U1AF-2.

11. T e k t r o n i x , Inc . PU Box 500, Be~~~-r t on , OR 97005.

a. Instruction manual , Model &04 rionitor.
12. Magnavox Company , Fort Wayne , IN

a. Int uiine:- iate Mainte n ance in suruc ~ ions with illustrated parts
breakdow n , TO 12R2-2ARC-lsO-2

13. Fairchild Camera and Instrument Corp . , 464 Ell is St., Moun tain View , CA
a. Instruction manual for digita l panel meters.

14 . Epsi lon Laborator ies Inc., 4 Pres ton Cour t , Bed for d , MA 01731
a. Inst ruction manual - camera annotation system

15. Ferkin Elmer Corp. , Aerospace Systems Div., 277 1 N. Gárey Ave ., Par ona ,
CA 91767

a. Technical order r-2-4--19-3 Overhaul manual

b. Technical order A2-4 -19-4 I l lustrated parts cata log
r 16. Rosemount Engineer ing Co. , P.O. Box 35129 , Minneapolis , MN 55435

a. Technical data , model 51OBS
b. Techn i cal data , mod el 102 AVIAP

17. Val idyr.e Engineering Corp. , 194146 Londelius St., Nort hr d ge , CA 91324

~ . Technical da ta , model P24
18. Baccarac h Instrument Co. 2300 eghorn Aye , Mountain View , CA

a. Instruction manua l for J-W liquid wa ter content indicator , mode l
LWH , manual number 61WCO 0621
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Table 5.2 Li s t of Reco~~en .ied Spare Parts
And Supp lies for HAWADS

Prices for December , 1975
CALCOMP : $ 57 .00
1 90-015 cabl e kit
8 PB4 pens

KENNEDY : 1,230.75
4 139-0214-101 Lamp 5.00
5 151-0132-001 fuse .75
1 190-2224-001 PC Assy 30.0 0
1 190-2224-002 PC Assy 30.00
1 190-2252—01 1 PC Assy 100.00
1 190-2436-005 PC As sy 100.00
1 190-2528-103 PC Board 60.00
1 190-2551-001 PC Board ~OO. 0O
1 190-2555-001 PC Board 100.00
2 190—2607-001 Assy PC 15.00
1 190-2654-101 Assy PC 75.00
1 190-2655-103 Assy PC 100.00
1 190-2677-112 Assy PC 100.00
1 190-3454-001 PC BD 55 .00
1 190-3620-001 Assy PC 70.00
i 190-2224-001 Assy PC 30.00
1 K2 1—Maint Kit 35.00
1 190-2273-001 PCB 135.00
1 190-3392-001 PCB 90.00

PERTEC : 
- 

2,565.50
1 102382-01 Tape Path Align ment tool 75.00
1 103259-01 Head adj stool 25.00
1 101292-31 PCBA , DATA H 660.00
1 505-1801 switc h power 3.50
1 505—1803 switch load 3.50

• 1 505-1804 swi tch , on-line 3.50
1 505-1805 switc h rew ind 3.50
1 505-1806 switch , WRT -EN 3.50
1 505-1808 swi tch , forward 3.50
1 505—1809 switch reverse 3.50
1 505-1827 switch 1600 CPT 3.50
1 102021—01 harness switch 4.50.
1 101381-01 PCBA , PE read 940.00.
1 101336-01 PCBA , PE wrIte 575.00
1 101367-02 PCBA , Interconnect 155.00
1 102096-05 PCBA , Fixed Oscillator 43.00
1 102094-02 PCBA sing le tracking 60.00

REMEX : 466.90
1 110453-001 Light source Assy 42.00
1 110271-001 PCB 301.90
1 110459-001 R/H Assy 79.90
1 704520-109 Reg . 5.80
1 704204-120(MU4053)Transistor 15.00
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REMEX (continued )
1 110474-001 Swi tch 11.45
1 715058-120 Swi tch 3.50
1 715061-400 s w i t c h  7.35

SIANC IL- HOl - IMAN $ 341.00
1 13-142 IC Small parts kit

TOPAZ 952 85
2W6 1105 transistors 30 00

16 2W 12868 Zener diode 2.20
4 2W DTG 11O Transistors 3.65
2 Printed circuit card Assy 864.00
2 Capacitors 96000 mfd 53 00
PMS 4 2352 0-15-35 power supp ly 15V Acopian .00
1 5E250 power supply, 5V
2 20 , PMS-500 PC board modules
1 Assortment of 20 capac itors lpf ,2pf ,3pf ,4pf
8 pms-152 photodetector modules
1 20 , PIN 2901 photodiode array
1 20 , 12E70 power supply -12v
1 2D laser supply & H.V. transformer
3 2D PMS 260 photodetector modules
1 20 PMS 230 P.C. board
1 21) PMS 240 p.c. board
1 20 PMS 250 p.c . boa rd
1 200Y P1N2901 + PMS-180B p.c . board + photodiode array
1 MM-5P , +5V power Ma te Supp ly
1 200Y laser power supply
3 200Y HV transformer
1 PMS-170 size encoder module
1 PMS-172 size encoder module
1 PMS-174 strobe and reset module
1 PMS-176A line driver module
1 PMS-200 p.c. board
1 ASSP-100 , laser power supp ly
1 large extender board
1 plug 26-159-24
1 socket 26-190-24

• 1 P.C. card socket , large
1 large extender board
1 small extender board
1 via l 6-13 Polyv inyltol uene 2.02 mm
1 6-15 polyethy lene 6.0 mm
1 SR-8 Polystyrene DUB 8.0 mm
1 SR - 15 Pol ystyrene DUB 15.0 mm
1 SR-20 Polystyrene DUB 19.0 rum
1 SR-40 Polystyrene DUB 40 mm
1 SR-50 Polystyrene DUB 50 mm
1 SR-65 Polystyrene DUB 65 mm
1 SR-80 Polystyrene DUB 80 rum
1 SR-100 Polystyrene DUB 100 mm
1 SR-115 Polystyrene 105-125 mm
1 SR-230 Polystyrene 210-250 mm
1 SR-425 Polystyrene 350-500 mm
1 SR-330 Pol ystyrene 310-350 mm
1 SR-550 Polystyrene 500-600 mm
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COMPUTER AUTOMATION
1 11560-16 CORE 1200 PCB 3 ,050.00

Intercom Amp lifier
3 TELE X Head Set 396.00
1 Ft 25 Intercom Ampli fier 264 .00

SPARE PAR TS TOTAL ___________________

$13 ,559 .00
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Knol l eniberg , R. G . , 1976: Thre e NeW Ins t r u i c n i t s  for  Cl oud Ph ysics
Mea suteineni t s : TIm’ 21) Sin e t i - m i n t er , Ffi~ Fun -ward ~ itt m r  t r y

Spectrometer Probe , m d  tir e Ac t i ve  Sea t i e m i rig Aero~ol S pec t ru -te r
- I n t e r n a t i o n a l  Conf ere n ce  on Clou d Phjsics , 554-561.
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